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FOREWORD

This report was prepared for the Department of Air Force Space
and Missile Systems Organization (SAMSO) in compliance with
conditions of Contract No. F04704-77-C-ta1 and deals with
potential concrete aggregate resources within and adjacent to
selected lands under consideration for siting of the MX Land
Mobile Advanced ICBM System.

This report was prepared for SAMSO under the direction of
Kenneth L. Wilson, Project Director, and under the supervision
of the following senior staff: Robert J. Lynn, Project Manager-
Geology; Stanley H. Madsen, Project Manager-Engineering and
C. Marshall Payne, Senior Geologist. Personnel responsible for
conduct of the field work, data analysis, and report writing
include William R. Lund, Michael R. Long, Eugene Y. Hsu, and
James B. Thompson with final graphics preparation directed by
Edd V. Joy and James A. Menneman.
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1.0 INTRODUCTION

1.1 BACKGROUND AND LOCATION

This report presents the results of the Aggregate Resource

Evaluation Investigation (AREI) performed within the Department

of Defense (DoD) and Bureau of Land Management (BLM) MX Siting

Regions as defined by Fugro National in 1976 (FN-TR-15) and a

30-mile boundary extension around these lands (Figure 1). These

siting regions are being considered by other contractors to

SAMSO as part of an evaluation program of potential MX deploy-

ment areas. This evaluation program will yield data related to

possible siting configurations of facilities, construction cost

estimates, and other factors important to the development of the

MX system. These regions are among many other potentially

suitable siting areas in the western United States delineated

during Intermediate Screening (FN-TR-17).

To maintain continuity with previous Fugro National MX studies

and to facilitate the retrieval of information, the regions

under consideration have been divided into the following study

areas:

1. New Mexico-Texas Study Area (NM-TSA) (Figure 2); comprised
of White Sands Missile Range (WSMR), Fort Bliss Military
Reservation (FBMR), White Sands Missile Range Extension
(WSMRE).

2. Arizona-Californir Study Area (A-CSA) (Figure 3); comprised
of Yuma Proving Grounds (YPG), Luke-Williams Bombing and
Gunnery Range (LBGR), the Gila Bend Group (GBG) of BLM
land.

3. Nevada-California Study Area (N-CSA) (Figure 4); comprised
of Nellis Bombing and Gunnery Range (NBGR), and the Nellis
Group (NG) of BLM.

"iJGRO ATIONAL, INC.
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Included within each study area is a 30-mile wide peripheral

corridor around the boundaries defined in FN-TR-15. Locally the

limit of the 30-mile wide corridor deviates so that additional

promising potential sources of concrete aggregate could be

considered. Areas which were not available for field reconnais-

sance due to access restrictions are indicated on the accompany-

ing aggregate resource maps.

1.2 PURPOSE AND SCOPE

The purpose of the AREI was to inventory and rank sources of

sand and gravel according to their suitability for use as aggre-

gate in 4 to 12 kips per square inch (ksi) compressive strength

concrete to be used in construction of the MX trench system.

The AREI study was designed to provide regional information on

the general location, quality, and quantity of sand and gravel

aggregate sources within the study areas in a useful and inform-

ative format for planning purposes. Providing detailed informa-

tion of the type necessary for the actual location of proven

available suitable aggregate sources and for design of an aggre-

gate plant was outside the purposes of this study. Also there

was no attempt to address water availability for concrete mixes

to construct MX facilities.

Factors considered in order to make the inventory and rank the

sources included:

1. Type of deposit; both hard-rock (quarry) and basin-fill
(borrow pit) sources were investigated;

2. Quality of the material; American Society of Testing and
Materials (ASTM) standards and Standard Specifications for
Public Works Construction (SSPWC) were used to evaluate
aggregate quality;

fJGUO NATYOWAL 1N0.
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3. Quantity of material; 26 million cubic yards (yd3 ) of
coarse aggregate and 17.7 million yd 3 of sand are esti-
mated to be required (Parsons, 1977) per deployment area
(3000 nm of trench);

4. Size of boundary extension; the 30-mile boundary extension
around the DoD and BLM MX siting regions was based on infor-
mation from ongoing deployment area evaluation studies (Par-
sons, 1977) pertaining to the maximum practical construction
haul distances anticipated for the MX system;

5. Availability of water for aggregate processing; review of
existing data on ground and surface water within the study
area; and

6. Accessibility; a brief review of major land transportation
facilities within the study area.

The scope of this investigation required that both field recon-

naissance and office studies be performed. The following steps

were included in the analysis:

1. Collection of applicable data pertaining to a) the existence
and quality of and potential sources of concrete aggregate,
and b) the geology, soils, and related construction materi-
als within the study area;

2. Analysis and evaluation of collected data with subsequent
selection of area for field reconnaissance;

3. Aerial and ground field reconnaissance of representative
borrow pits and quarries arid potential sources of concrete
aggregate with sampling of selected representative materi-
als;

4. Limited laboratory testing to supplement available existing
data and to provide sufficiently detailed information to
assist in predicting suitability of potential aggregate
resources over broad areas;

5. Development and applications of a concrete aggregate sources
preliminary ranking system utilizing ASTM and SSPWC stand-
ards and specifications;

6. Cursory review of existing data on water availability and
land transportation facilities within the study area;
and

7. Depiction of data on large and small graphics and tables
and preparation of the report.

1 iGRO MATeURAL. INC.
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1.3 STUDY APPROACH, METHODS, AND REPORT FORMAT

The study approach, as determined with SAMSO, was to 1) utilize

to the maximum extent possible existing data on aggregate

sources in each area, 2) obtain samples of representative poten-

tial aggregate source materials for laboratory testing and

3) assess critical physical/chemical properties and provide

laboratory data to support the results of the inventory and

ranking.

Collection of existing data from available sources was a primary

factor controlling the study approach. Data were collected from

many agencies, institutions, and individuals. Data collection

activities included trips to Reno and Carson City, Nevada,

Phoenix, Arizona, and Santa Fe, Albuquerque, and Socorro, New

Mexico. Principal sources of data directly pertaining to

concrete aggregate or related construction materials were the

state highway departments of New Mexico, Arizona, and Nevada,

and the United States Bureau of Reclamation. The majority of

this information is related to the use of sand and gravel for

asphaltic concrete or as select material or aggregate base

course in road construction. Many of the acceptance tests for

these types of construction materials are similar to those for

concrete aggregate.

Engineering and geologic criteria were used to analyze and

evaluate the existing data. Materials determined to be unsuit-

able for use as concrete aggregate were dismissed early from

further consideration, and potentially suitable material sources

were selected for further investigation.

Ti9;R0 NATIONAL, 1N0.
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A field reconnaissance of the study areas was made to collect

additional necessary data and to verify conditions determined

during the review of existing information. During this phase of

the study, a number of existing quarries and borrow pits, as

well as other potential sources of concrete aggregate, were

examined. Data were collected from over 600 field stations;

both hard rock and basin-fill materials were sampled. Repre-

sentative samples of hard-rock sources were obtained from expo-

sures of fresh or slightly weathered material whenever possible.

Basin-fill materials were collected by channel sampling stream

cuts or other natural or manmade exposures. Where cross sec-

tions of these materials were unavailable, samples were col-

lected from shallow hand-dug pits. The size of both hard-rock

and basin-fill samples collected for supplementary testing

ranged between 30 and 100 pounds.

A limited number of representative samples were selected for

laboratory testing and/or thin-section analysis. Testing was

designed to supplement existing data and emphasis was placed on

determining durability, soundness, and gradation. The plastic-

ity index of the fines resulting from the Los Angeles abrasion

test was determined for each limestone sample to detect the

presence of argillaceous material. The principal tests per-

formed were:

1. Resistance to Abrasion of Small Size Coarse Aggregate by Use
of the Los Angeles Machine (ASTM C131-69);

2. Soundness of Aggregates by Use of Magnesium Sulfate (ASTM
C88-73);

"GiO NMATIONAL 1N
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3. Sieve or Screen Analysis of Fine and Coarse Aggregate (ASTM
C136-71); and

4. Plastic Limit and Plastic Index of Soils (ASTM D424-59).

Identification of the AREI study are presented in text form on

three 1:500,000 scale aggregate resource maps and as appendices.

The aggregate resource maps (Drawing 1 through 3) show the loca-

tion type and rank of all Class A and Class B aggregate sources

(Section 1.4, Ranking System); Class C materials are only gener-

ally depicted. Geologic symbols utilized on the Drawings relate

to locate stratigraphic and formation units where possible. A

conversion table to relate these to symbol nomenclature from

previous reports (e.g., FN-TR-18) is contained in Appendix G.

In addition, these maps show the location of Fugro National

field stations and the locations of representative aggregate

sources for which test data were available. Appendices contain

tables summarizing the basic data collected during the field

investigations, the results of Fugro National's supplemental

testing program, representative test data gathered from various

outside sources, an explanation of caliche development, the

Unified Soil Classification System, photographs of typical

materials sources, and a map symbol conversion table.

All contacts which represent distinct boundaries between geo-

logic material types (or classes of aggregate resources) are

shown as solid lines. Where the depicted data were extrapolated

beyond the limits of the source data, or where accuracy of the

data may be questionable, the contacts are dashed. Locally,

"J GRO NATIONAL. INC
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small deposits of one class of material are found in close

association with a larger deposit of a different class material.

Due to scale limitations, these smaller deposits could not be

shown on the aggregate resource maps and have been combined with

the more prevalent material.

Several areas of restricted access exist within the study area

boundaries and have been identified on the aggregate resource

maps and in Sections 2.2, 3.2, and 4.2. Interpolation of data

was made into these areas from the literature and from infer-

nces arrived at by studying similar nearby deposits. National

and state parks, monuments, recreation areas, and designated

wildlife refuges were excluded from the study. No attempt was

made to interpolate data into them.

1.4 PRELIMINARY AGGREGATE RANKING SYSTEM

After completing field activities and compiling all data, a

system to preliminarily rank potentail concrete aggregate

sources was developed in order to describe the relative merits

of these potential sources. Consistent with available informa-

tion, the ranking system divides potential aggregate sources

into three classes: Class A, Class B, and Class C. This rank-

ing system and the specifications for each class of material are

presented in Table 1. The specifications for each class of

material are based on: 1) ASTM C33-74A Standard Specifications

for Concrete Aggregate, 2) SSPWC Part II Construction Sections

200-1.1, 1.4, 1.5, and 1.7, 3) a review of the literature

applicable to concrete aggregates, 4) contacts with industrial

fI GRO PGATIUWML. BMW
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producers of concrete aggregate, 5) contacts with consultants in

the field of concrete aggregates, and 6) sound engineering and

geologic judgment.

Since the majority of deposits being evaluated either lack test

data completely or were previously tested for their suitability

for some other purpose, this preliminary ranking system relies

heavily on qualitative evaluations based upon field observa-

tions. Field estimates of durability, soundness, gradation,

percentage of material types present, and caliche development

(Appendix D) were used extensively.

The general characteristics of Class A, Class B, and Class C

aggregate sources follow.

Class A

Potential sources of high-quality concrete aggregate not requir-

ing the use of special cements or admixtures. Only nominal pro-

cessing should be necessary to meet known requirements for con-

crete aggregate. However, additional testing and case history

studies will be needed to confirm adequacy and define exact

characteristics.

Class B

Potential source of possible concrete aggregate exhibiting one

or more undesirable characteristics which make it of poorer

quality than Class A aggregate. Detailed investigations will be

required to accurately determine aggregate suitability and prob-

able concrete characteristics. Where possible, this class of

L " GRO NAYSUWAL *IU
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material was divided into subunits B1 and B2. Materials classi-

fied as B1 are considered to be generally adequate for concrete

aggregate having only one or two characteristics which cause

them to be ranked as Class B material. Those materials ranked

as B2 are considered to be probably suitable but have several

characteristics which may make them marginal for use as concrete

aggregate. Where these distinctions could not be made with

present information, the material is classified as Class B.

Class C

Material considered unsuitable for use as concrete aggregate.

1.5 CONCLUSIONS AND RECOMMENDATIONS

1.5.1 Conclusions

1. Sufficient volumes of material to satisfy the aggregate
requirements of the MX system appear to be available from a
variety of both basin-fill (borrow pit) and/or hard-rock
(quarry) sources within each of the three areas considered
by the AREI study (Figure 1). The materials suitable for
use as concrete aggregate in the NM-TSA and the N-CSA are
generally of a higher quality and are available in greater
quantities than those in ACSA. This is due to the wide-
spread occurrence in ACSA of highly weathered volcanic,
granitic, and metamorphic rocks and a general lack of
durable quartzite and carbonate units.

2. Depending upon the locations selected for the deployment
areas, more than one source or type of source may be re-
quired to provide the volumes of both sand and gravel
required by the MX system.

3. Utilization of aggregate in the quantities required by the
MX system during construction would increase by several
times the present level of aggregate production in each of
the three AREI study areas and would require the develop-
ment of deposits not presently being considered as materials
sources by local producers of concrete aggregate.

4. Processing to improve the aggregate will be required in most
instances. The nature and extent of processing necessary
will depend on the individual characteristics of the source

JU 5RG NATIONAL, MO
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selected to supply the material. At a minimum, it iF ex-
pected that washing of the aggregate would be required.

5. Adequate supplies of surface water for washing aggregate are

only locally available within the three AREI study areas.
It is expected that the water necessary for aggregate plant
operation will come, for the most part, from ground-water
sources.

a. Fresh ground-water supplies in the NM-TSA are generally
confined to be the wedge-shaped, coarse-grained perme-
able zones in poorly consolidated basin-fill deposits
along the flanks of mountain ranges. Beneath and
extending basinward from the fresh-water supplies are
extensive supplies of saline water. Depth to ground
water in alluvium ranges from 0 to 342 feet in the
Tularosa Basin and from 18 to 342 in Jornada del Muerto
Basin.

b. Fresh ground-water supplies within the A-CSA are found
in both basin-fill and rock aquifers. Depth to ground
water ranges from 50 to 100 feet below ground surface
adjacent to major drainages in the study areas to as
much as 1000 feet in some central basins.

c. Fresh ground-water supplies within the N-CSA are stored
in basin-fill and rock aquifers. Depths to water are
highly variable but generally will be the shallowest in
the central portions of valleys and will deepen toward
the mountains. Ground water in rock aquifers is stored
in both volcanic and sedimentary rocks. Artesian
conditions exist locally.

1.5.2 Recommendations

1. Prior to final selection of deployment areas, a detailed
study of aggregate sources to be utilized during construc-
tion should be made. Such a study would provide information
on the relative economic aspects of the various sources and
provide additional information on the physical characteris-
tics of the deposits which could t en be used to develop
plant designs, mining methods, and concrete mix designs.
The nature and extent of such a study would depend upon the
locations selected for deployment areas, anticipated con-
struction methods, and any additional specifications estab-
lished for the concrete.

2. Highly angular aggregate such as that produced by a quarry-
ing operation requires more sand, cement, and water to
achieve efficient concrete workability than does an aggre-
gate with a majority of round or semiround particles. The
percentage of crushed rock allowed in a mix design has a
definite impact on the final cost of the concrete and should
be evaluated prior to final selection of aggregate sources.

"JGRO M^T1OWAL. IN.
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3. Prior to the beginning of construction, the materials to be
encountered during trench excavation should be investigated
to determine their suitability for use as a source of
concrete aggregate.

-flOIC. NATIONAL. INC.
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2.0 NEW MEXICO-TEXAS STUDY AREA

2.1 SUMMARY OF AGGREGATE RESOURCES

This section presents a brief summary of the potential sources

of concrete aggregate found in the NM-TSA. They have been

grouped under their general type of deposit (basin fill or

hardrock) and are listed in decreasing order of suitability.

It should be noted that the composite alluvial units listed were

primarily established to accommodate map-scale limitations and

frequently contain deposits which can supply significant quan-

tities of high-quality material.

2.1.1 Basin-Fill Deposits

1. Stream-Channel Deposits

- generally coarse grained, clean, suitably shaped, non-
cemented, free of deleterious coatings;

- best quality materials found along streams which drain
quartzite or carbonate terrain; and

- due to relatively small size may require more than one
deposit to supply required volumes of material.

2. Santa Fe Formation

- composite alluvial unit comprised of flood-plain, stream-
channel, river-terrace, alluvial-fan, and pediment
deposits located along the Rio Grande River and its
tributaries;

- most heavily utilized source of aggregate in the NM-TSA;
- deposits are of various ages and origin and therefore

exhibit a wide variation in quality of materials;
- stream-channel deposits, younger river terraces, and

younger alluvial fans represent the best potential
sources of material; and

- high percentage of alkali reactive material.

3. Alluvial Fans

- widespread throughout the NM-TSA;
- contain large quantities of material;

fiG.. MAT,WL, ONO
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- best quality material found in deposit with rquartzite or
carbonate rock in their source area;

- older portions of alluvial fans frequently exhibit strong
caliche cementation and clay development; and

- materials grade from coarse-grained near mountain fronts
to finer-grained near valley centers.

4. Alluvial Deposits Undifferentiated

- composite alluvial unit comprised of alluvial fans,
pediments, river terraces, and stream-channel deposits;

- shown in areas where contacts between deposits are
gradational or too complex to show at map scale;

- best material sources are stream-channel deposits and
younger alluvial fans;

- deposits are of different ages and origin and exhibit a
wide variation in quality of material;

- best quality materials are found in deposits with quart-
zite or carbonate rocks in their source area; and

- older alluvial fan and pediment deposits frequently
exhibit strong caliche cementation and clay development.

2.1.2 Rock Units

1. Quartzite

- hard, durable, clean, nonreactive; and
- limited area of exposure - South Manzano Mountain.

2. San Andres Formation, Madera Limestone, Hueco Formation

- widespread within study area;
- thick to massively bedded, hard, durable limestones and

dolomites with localized horizons of sandstone, shale,
and evaporite;

- contain chert and dolomite which may be alkali reactive;
and

- rock unit selected depends on location of deployment
areas.

3. Carbonate Rocks Undifferentiated

- widespread within study area;
- thick to massive-bedded limestones and dolomites inter-

bedded with locally extensive sandstone and shale hor-
izon; and

- contain chert and dolomite which may be alkali reactive.
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4. Yeso Formation

- basically a sandstone and shale unit with as much as 50
percent limestone interbeds in the southern portion of
the study a:ea;

- limestone generally thin- to medium-bedded, argillaceous;
and

- contains chert and dolomite which may be alkali reactive.

5. Basalt

- limited testing indicates that these materials are
adequately durable and sound;

- localized occurrences;
- includes flows, flow remnants, dikes, and plugs;
- generally vesicular, locally scoriaceous; and
- interstitial volcanic glass common, potentially alkali

reactive.

6. Granitic Rocks

- nonreactive;
- degree and depth of weathering highly variable; and
- majority of material observed at surface not considered

suitable for use as a source of crushed rock.

7. Volcanic Rock Undifferentiated

- intermediate to acidic rocks occurring as flows, dikes,
plugs, airfall tuffs, ash flows, and agglomerates;

- not generally considered suitable for aggregate due to
low durability and excess of low density, soft particles;
and

- locally, materials with adequate durability do occur,
indicated on the aggregate resource map where recognized.

2.2 LOCATION AND DESCRIPTION

The NM-TSA is located in south-central New Mexico and extreme

western Texas (Figure 2). It includes portions of Otero, Lin-

coln, Dona Ana, Sierra, Socorro, Torrance, Chaves, and Valen-

cia counties, New Mexico, and El Paso and Hudspeth counties,

Texas. The study area is roughly rectangular in shape and com-

prises approximately 16,600 square nautical miles (nm2 ). Of

this total, 2706 nm2 are included in WSMR, 1325 nm2 in FBMR,

1062 nm2 in WSMRE, and the remaining approximately 11,500 nm2
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within the 30 miles boundary extension. Extending northerly

from El Paso, Texas, the NM-TSA has maximum north-south and

east-west dimensions of approximately 197 nm and 122 nm, respec-

tively. Areas of restricted access into which data have been

interpolated for this study include the FBMR and portions of the

Mescalero Apache Indian Reservation. Areas of restricted access

into which data have not been interpolated include White Sands

National Monument, San Andres National Wildlife Refuge, Bosque

Del Apache National Wildlife Refuge, and Jornada Experimental

Range.

The NM-TSA lies within the Mexican Highland section of the Basin

and Range Physiographic Province. Physiography is controlled

by, and strongly reflects, the underlying geologic structures.

This area is characterized by the eroded remnants of uplifted

fault-block mountains separated by down-dropped basins. Typi-

cally, closed-basin conditions predominate with primary and

secondary drainages terminating at playas in the central por-

tions of the basins. Valleys within the NM-TSA include the Rio

Grande River Valley, Jornada del Muerto, and Tularosa Basin in

New Mexico and the Hueco Bolson area of Texas. Major mountain

ranges in the study area include the San Andres, Oscura, Man-

zano, Sandia, Magdalena, Cabballo, and Sierra de las Uvas ranges

in New Mexico; the Franklin Mountains and Sacramento Front of

New Mexico and Texas, and the Hueco Mountains in Texas.

2.3 PRESENT PRODUCTION OF CONCRETE AGGREGATE

Current production of sand and gravel within the NM-TSA serves

the needs of the local construction industry and state and
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county highway department. The estimated yearly production by

commercial suppliers of screened sand and gravel within the NM-

TSA is less than 1.5 million cubic yards (yd3 ) per year. The

percentage of this total used as concrete aggregate is unknown.

The principal-use centers are located at Socorro, Las Cruces,

and Alamagordo, New Mexico, and El Paso, Texas.

Basin-fill deposits presently supply the bulk of all sand and

gravel utilized within the NM-TSA. Quarried rock is being em-

ployed as a source of concrete aggregate only where suitable

basin-fill deposits are absent, where basin-fill deposits are of

such low quality that quarried rock becomes economically compet-

itive, or to satisfy a particular construction specification.

The following table (Table 2) presents representative costs of

screened sand and gravel and transportation costs from various

localities within the NM-TSA.

Table 2

REPRESENTATIVE COSTS OF AGGREGATE IN THE NMTSA

Screened Concrete

Location Gravel* Sand Transport

Socorro, N.M. $5.00/yd. $4.00/yd. $.09/yard mile

Las Cruces, N.M. 4.65/yd. 4.00/yd. .12/yard mile

Almagordo, N.M. 4.50/yd. (3/4") 4.00/yd. By Contract

El Paso, Texas 4.50/ton (quarry) 3.10/ton .06/ton mile

*Note 1" rock unless otherwise specified
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2.4 POTENTIAL SOURCES OF CONCRETE AGGREGATE

The literature search and field reconnaissance of the NM-TSA

have determined that numerous potential sources of concrete

aggregate are located within this study area. Sufficient

volumes of acceptable materials appear to be available from

either basin-fill or hard-rock sources to satisfy the require-

ments of the MX system.

2.4.1 Basin-Fill Deposits

The principal basin-fill sources of potentially acceptable con-

crete aggregate within the NM-TSA includes stream-channel depos-

its, the basin-fill deposits comprising the Santa Fe Formation,

undifferentiated alluvial deposits, and alluvial fans.

Central basin deposits in Jornada del Muerto, the Tularosa

Basin-Hueco Bolson area, and other localities in the NM-TSA

(Drawing 1) were ranked as Class C material due to the fine-

grained nature of the soils, the abundance of soluble sulfates

(gypsum) present, and the strong caliche development in these

materials. Stream-channel deposits in these areas may produce

limited quantities of fine- to medium-grained sand suitable for

use as filler material.

2.4.1.1 Stream-Channel Deposits - Aal

Stream-channel deposits are frequently utilized as a source of

sand and gravel by commercial producers of concrete aggregate in

the NM-TSA. The deposits vary from heterogeneous mixtures of

sand, gravel, cobbles, and boulders near mountain fronts to

fine-grained sands, silts, and clays near valley centers and
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along major drainages such as the Rio Grande and Rio Puerco

rivers (Drawing 1). The quality of the material found in

stream-channel deposits reflects the properties of the rock

types located in the stream's source area and along its course;

the deposits have been ranked accordingly. Near mountain

fronts, where stream gradients are high, stream-channel deposits

are generally coarse-grained, noncemented, free of deleterious

coatings, suitably shaped, contain a low percentage of silt and

clay fines, and are relatively durable; the soft and friable

materials having been removed by the natural abrasive action of

stream transport (Appendix F). Further from the mountain

fronts, suitable sources of sand may be located. Material de-

posited by streams near valley centers or on the flood plains

of major drainages are generally too fine-grained to make ac-

ceptable aggregate. Many stream-channel deposits are self-

renewing with a fresh supply of sand and gravel being carried

downstream during periodic cloudbursts.

While these deposits contain sufficient quantities of material

to meet the current needs of local users, the great majority of

deposits are inadequate to supply the quantities of material

required by the MX system. However, several such deposits

located around a deployment area could supply the necessary

volume of aggregate. Due to their relatively small size, most

stream-channel deposits have been included within one of the

larger composite map units categories shown on the aggregate

resource map.
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2.4.1.2 Sante Fe Formation - Asf

The alluvial deposits comprising the Santa Fe Formation are the

most heavily utilized sources of sand and gravel in the NM-TSA.

These units are found along the Rio Grande River and its tribu-

taries and are therefore adjacent to several of the major use

centers in the study area (Drawing 1). Commercial aggregate

producers have located a number of borrow pits within this

formation and, state and county road departments use it exten-

sively as a source of aggregate base course and select material

for road construction. Most commercial production of aggregate

from the Santa Fe Formation comes from stream-channel deposits,

younger river-terrace deposits, and alluvial fans consisting of

reworked older Santa Fe materials. These deposits are usually

coarse-grained, unconsolidated, contain a low percentage of silt

and clay fines and lack the strong caliche cementation and

coatings which are typical of the older deposits of the forma-

tion.

Included within the Santa Fe Formation are flood-plain, stream-

channel, river-terrace, alluvial fan and pediment deposits which

have been divided into two distinct members; an upper coarse-

grained pediment, terrace, and alluvial fan sequence, and a

lower finer-grained terrace and flood-plain deposit. The de-

posits comprising these two members are of different ages and

have many different source areas; consequently, they exhibit a

wide variation in degree of induration and quality of material.

Where the Rio Grande River is a considerable distance from the

mountain fronts, the materials within the Santa Fe Formation
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consist of hard, durable, semiround to round particles of the

more resistant rock types found upstream. A high percentage of

potentially alkali reactive volcanic particles are found within

these deposits. Where the river is closer to the mountain

fronts, the materials reflect the rock types in the closest

source area. Among these deposits, the most durable materials

are found where carbonate rocks predominate in the source area.

The degree of caliche development found in the Santa Fe Forma-

tion ranges from none to Stage IV (Appendix D) and usually in-

creases with the age of the deposit and the proximity to a

carbonate source area. Deposits bordering mountain ranges con-

taining carbonate rocks commonly exhibit Stage III or Stage IV

caliche development at relatively shallow depths below the

ground surface.

Due to the widespread occurrence of potentially alkali reactive

material and the variable nature of caliche development within

individual deposits, the Santa Fe Formation has been ranked as

Class B material.

2.4.1.3 Alluvial Fans - Aaf

Alluvial fans flanking mountain fronts are widespread throughout

the NM-TSA, (Appendix F) and contain some of the best and most

extensive reserves of sand and gravel in the study area. Numer-

ous borrow pits have been located in these deposits to supply

the needs of the local construction industry and to provide

material for road maintenance.
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Alluvial fan deposits are generally poorly sorted, heterogeneous

to poorly stratified mixtures of boulders, cobbles, gravel,

sand, silt and clay. They exhibit steep to moderate slopes,

become finer grained with decreased stream gradient, and are

dissected by numerous braided streams and arroyos (Appendix F).

The quality of the material in this deposits depends on their

parent rock, distance from their source areas, and their rela-

tive age. The older portions of fans commonly contain more

decomposed clasts and have a high percentage of clay minerals

produced by inplace weathering of the deposit. The best source

areas within active alluvial fan deposits are near mountain

fronts where stream gradients are high and coarse-grained clean

materials are deposited. These areas also contain the youngest

fan materials, so caliche development is at a minimum. Further

from the mountain front, deposits of finer-grained material may

be located. In the older portions of alluvial fans, and where

source rocks are predominantly carbonates, strong caliche cemen-

tation was observed with Stage II to Stage IV caliche develop-

ment occurring from 1 to 10 feet below the fan surface. At

these depths, alluvial fan materials are well consolidated, con-

tain excess carbonate as deletereous coatings, and are not

considered suitable for use as concrete aggregate. However,

the layer of poorly to noncemented material overlying the

calichified zone may produce acceptable aggregate. The ranking

assigned to the various alluvial fan units within the NM-TSA

reflect the quality of surface or subsurface materials contained

in the deposit and the extent of caliche development.
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2.4.1.4 Alluvial Deposits Undifferentiated - Au

The best potential sources of concrete aggregate within this

unit are to be found in stream-channel deposits and in the

younger portions of alluvial fans near mountain fronts where

materials are coarse grained, have a low percentage of silt and

clay fines, and a minimum amount of caliche development. At

present, the only significant production of sand and gravel from

materials shown as alluvial deposit undifferentiated in the NM-

TSA comes from small borrow pits which supply aggregate for road

maintenance and construction.

The principal deposits comprising this map unit are pediments

and alluvial fans with associated stream-channel deposits and

local river terraces. These deposits have been grouped together

as undifferentiated in areas where contacts are gradational or

too complex to show at map scale. These deposits are of differ-

ent ages and origin and exhibit a wide variation in quality of

material. In general, the most durable materials are found

where quartzite or carbonate rocks occur in the source area, or

where other materials have been transported sufficiently far to

remove the softer particles. Volcanic materials are dominant in

deposits west of the Rio Grande River, while limestone and dolo-

mite are the most prevalent east of the river. Pediments and

the older portions of alluvial fans frequently exhibit Stage II

to Stage IV caliche development at 1 to 10 feet below the ground

surface.
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The widespread occurrence of potentially alkali reactive materi-

al and the variable nature of caliche development found within

individual deposits makes this unit Class B material.

2.4.2 Rock Units

The principal hard-rock (quarry) sources of potentially accept-

able concrete aggregate within the NM-TSA (Drawing 1) include

quartzite, the San Andres Limestone, the Madera Limestone, the

Hueco Limestone, carbonate rocks undifferentiated, the Yeso

Formation, basalt, granitic rocks, and undifferentiated volcanic

rocks. Each of these units are briefly characterized in the

following pages.

2.4.2.1 Quartzite - Qtz

The only significant deposits of quartzite found within the NM-

TSA are located along the west side of the South Manzano Moun-

tains. Deposits typically occur as long, narrow lenses or

"reefs" varying from a few feet to over 1000 feet in width and

as much as a mile or more in length. Typically, the quartzites

are white to gray with local red, brown, and purple zones and

are composed of 90 to 100 percent quartz grains with traces of

muscovite, ciotite, and sericite. Where observed during the

field reconnaissance, the quartzites are very hard, highly frac-

tured, durable rocks. At present, there is no known significant

production of aggregate from this unit; however, it should make

an excellent source of nonreactive crushed rock and has been

ranked as Class A material.
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2.4.2.2 San Andree Formation - Psa

The San Andres Formation is the most widely distributed lime-

stone unit in the NM-TSA. It represents an extensive potential

source of high-quality, crushed rock. Los Angeles abrasion and

soundness values reported by the New Mexico Highway Department

(NMHD) for the San Andres Formation vary considerably, but they

are usually well within ASTM and the SSPWC specification limits

for concrete aggregate. Due to the low demand for aggregate in

the NM-TSA and the isolate nature of most exposures, present

production of crushed rock from the San Andres Formation is lim-

ited to small quarries providing material for road construction

where basin-fill deposits are lacking or are of poor quality.

In the NM-TSA the San Andres Formations varies from a thick-

bedded, pure crystalline limestone and dolomite, to thin-bedded,

argillaceous, cherty lime with very thin shale partings, to

massive bedded gypsum. In the Chupedera Mesa area (Drawing 1),

this formation has been divided into a thick, lower limestone

sequence, a thick, middle gypsum member, and a thin, upper lime-

stone member. The areas in which gypsum has been recognized,

roughly from Tularosa north, have been excluded as unsuitable

for concrete aggregate. Care should be taken when selecting a

site for crushed rock to avoid zones of contamination with

shale, mudstone, chert, and gypsum.

Due to presence of potentially alkali reactive material, the San

Andres Formation has been ranked as Class B material.
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2.4.2.3 Madera Limestone - Pm

The Madera Limestone member of the Sandia Formation is a dark-

gray, thick- to massively bedded, hard, cliff forming unit con-

sisting of fossiliferous limestone, dolomite, and dolomitic

limestone with thin interbeds of sandstone, shale, and chert.

It is expressed as a prominent topographic feature along the Rio

Grande River Valley in the northern portion of the study area

(Drawing 1).

Due to the rugged nature of the mountains underlain by this

unit, it has seen little use as a source of aggregate; however,

if care is taken to avoid zones of shale, sandstone and chert,

it should provide a good source of crushed rock. The presence

of potentially alkali reactive material makes the Madera Lime-

stone Class B material.

2.4.2.4 Hueco Formation - Ph

The Hueco Formation represents a large potential source of high-

quality, crushed rock in the southeastern portion of the study

area (Drawing 1). The bulk of present production from this unit

occurs from quarries located in the Hueco Mountains. A number

of other widely scattered small quarries in this unit provide

material for road maintenance and construction.

The Hueco Formation consists of limestone with interbedded

conglomerate and shale. The limestone is typically light gray,

thinly bedded to massive, cherty and fossiliferous with minor

dolomite horizons. In the south-east and central portions of

the study area, the limestone member is a prominent unit and is
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mapped separately but it thins to the north and west and there

it is grouped within the undifferentiated carbonate unit.

Due to the presence of dolomite and opaline chert which may be

alkali reactive, this unit has been ranked as Class B material.

2.4.2.5 Carbonate Rock Undifferentiated - Cau

The carbonate rocks undifferentiated unit is widespread through-

out the NM-TSA, and represents an extensive potential source of

crushed rock. The bulk of present production from this unit

occurs in the El Paso, Texas, area where it is used as a source

of coarse aggregate. Elsewhere in the NM-TSA production is lim-

ited to small quarries, usually established to provide materials

for a specific job where basin fill sources were lacking.

The rock units grouped as carbonate rocks undifferentiated

include thick sequences of limestones and dolomites interbedded

with locally extensive sequences of shale and sandstone (Appen-

dix F). The carbonate rocks are typically light- to dark-gray,

thin- to massively bedded, cherty and fossiliferous. These

rocks are generally hard, durable, and are the competent units

that underlie many of the major topographic features in central

New Mexico.

Quarries located to avoid zones of sandstone, shale, and other

contaminants should be capable of producing large quantities of

acceptable crushed rock. Due to the presence of potentially

alkali reactive material and localized horizons of low durabil-

ity sedimentary rocks, this unit has been ranked as Class B

material.

RO NAT#NOL. INa,



FN-TR-20D
32

2.4.2.6 Yeso Formation - Py

Present production of crushed rock from this unit is limited to

small quarries which provide material for road construction and

maintenance. The Yeso Formation consists of interbeds of lime-

stone, sandstone, siltstone, shale, and gypsum. This formation

outcrops throughout the study area but has only been shown as a

potential aggregate source in the southern section (Drawing 1)

where it may be as much as 50 percent limestone. In this area,

the carbonate portions of the Yeso Formation consist of light-

to dark-gray, thin- to medium-bedded, argillaceous limestone and

dolomite with sandstone lenses and chert. Elsewhere within the

NM-TSA, the Yeso Formation contains only occasional horizons of

gray, thin-bedded, argillaceous limestones. These horizons,

where tested by the NMHD, were usually durable enough for con-

crete aggregate but are of limited extent and may contain other

impurities which would make siting a source area difficult.

The widespread occurrence of soft clastic sedimentary units and

the presence of potentially alkali reactive materials make the

Yeso Formation Class B or B2 material.

2.4.2.7 Basalt - Vb

Due to the remote location of most exposures, basalt is not

being extensively utilized as a source of crushed rock in the

NM-TSA. Limited test results show the basalt to be adequately

durable and sound with low to moderate material losses in the

L.A. abrasion and MgSO 4 soundness tests. Basalts are frequent-

ly vesicular and may be scoriaceous (greater than 50 percent)
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vesicles near the tops of flows. These materials would have to

be avoided or removed before the deposit could be effectively

quarried. Thin section analyses indicate that the basalt in the

NM-TSA frequently contains interstitial glass and, as a result,

may be alkali reactive.

Due to the vesiclar nature of most exposures and the presence of

potentially alkali reactive material, basalts in the NM-TSA are

ranked as Class B or B2 material.

2.4.2.8 Granitic Rocks - gr

Granitic rocks found within the NM-TSA represent a potential

source of nonreactive crushed rock; however, the extent to which

they may be utilized as concrete aggregate is strongly dependent

on the degree and depth to which they have been weathered.

There is presently no known production of crushed rock from

granitic sources in the study area.

The granitic rocks include intrusive and metamorphosed intrusive

rocks (granite, quartz monzonite, granite gneiss) of several

different ages. They are typically light-colored, fine- to

coarse grained, silicious to intermediate in composition, and

locally exhibit a gneissose or schistose structure near contacts

and faults. Where observed in outcrops these rocks are moder-

ately to highly weathered and are not considered to be a suit-

able source of crushed rcck. Exposures seen in natural or

manmade cuts at depths to 40 feet are moderately weathered to

fresh and may be hard and durable. In general, the younger the

rock unit the less weathered and more durable it is.
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Due to the high degree of w',athering observed at the surface,

and the uncertain depths to which the weathering extends below

the surface, the granitic rock in the NM-TSA has been ranked as

Class B or B2 material.

2.4.2.9 Volcanic Rocks Undifferentiated - Vu

Extensive exposures of intermediate to acidic extrusive and

shallow intrusive rocks occurring as a series of flows, dikes,

plugs, airfall tuffs, ash flows, and agglomerates are found

within the NM-TSA. As a rule, these materials are not consid-

ered to be adequate as a source of crushed rock due to a lack of

durability and a high percentage of low density, friable, and

porous material. However, materials with adequate durability

are present locally and have been indicated (Drawing 1) where

identified. Due to the presence of potentially alkali reactive

material and possible contamination by soft or friable parti-

cles, this unit has been ranked as Class B2.
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3.0 ARIZONA-CALIFORNIA STUDY AREA

3.1 SUMMARY OF AGGREGATE RESOURCES

This section presents a brief summary of the potential sources

of concrete aggregate found in the A-CSA. They have been

grouped under their general type of deposit (basin fill or hard

rock) and are listed in order of decreasing suitability.

It should be noted that the composite alluvial units were pri-

marily established to accommodate map-scale limitations and

frequently contain deposits which can supply significant quan-

tities of high-quality material.

3.1.1 Basin-Fill Deposits

1. Stream-Channel Deposits

- generally coarse grained, clean, suitably shaped, non-
cemented, and free of deleterious coatings;

- through-going drainages and widespread volcanics in the
A-CSA result in potentially alkali reactive material
occurring in most large drainage; and

- due to relatively small size, may require more than one
deposit to supply the required volume of material.

2. River Terrace Deposits

- located along major drainages in the A-CSA;
- comprised of rounded clasts, or the more durable rock

types located upstream;
- generally capped by a caliche horizon of variable thick-

ness;
- contain potentially alkali reactive materials; and
- additional deposits of unknown extent may be covered by

blow-sand along the Gila River.

3. Alluvial Fans

- best material sources are near mountain fronts where
materials are coarse-grained and non- to poorly cemented;

- materials grade from coarse-grained near mount
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- fans located along mountain fronts containing granitic or
metamorphic rock are frequently poorly developed and
contain low durability materials; and

- older alluvial fans commonly exhibit strong caliche
cementation and clay development.

4. Alluvial Deposits Undifferentiated

- composite alluvial unit comprised of alluvial fans,
pediments, river terraces, and stream-channel deposits;

- shown in areas where contacts between deposits are grada-
tional or too complex to show at map scale;

- deposits are of different ages and origin and exhibit a
wide variation in quality of material;

- older alluvial fans and pediment deposits frequently
exhibit strong caliche cementation; and

- best material sources are stream-channel deposits and
younger stream terraces or alluvial fans.

3.1.2. Rock Units

1. Basalt

- limited testing indicates rock may be sufficiently
durable and sound;

- includes flows, flow remnants, dikes, and plugs;
- generally vesicular, locally scoriaceous and may have low

specific gravity and/or be porous;
- volcanic glass and zeolites common, potentially alkali

reaction; and
- may contain caliche coatings along joints which may be

extensive.

2. Granitic Rock, Gneiss, and Associated Metamorphic Rocks

- nonreactive;
- degree and depth of weathering highly variable;
- most material exposed at surface is not considered to be

a suitable source of crushed rock; and
- locally, gneiss exhibits well-developed, closely spaced

foliation.

3. Sedimentary Rocks Undifferentiated

- isolated exposures of limited extent;
- predominantly highly fractured limestone;
- contains potentially alkali reactive material; and
- locally metamorphosed.

" GRO NATIO"AL NU.
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3.2 LOCATION AND DESCRIPTION

The A-CSA is located in southwestern Arizona and southeastern

California (Figure 3). It includes portions of Yuma, Mohave,

Pima, Pinal, Yavapai, and Maricopa counties, Arizona, and Impe-

rial, Riverside, and San Bernardino counties, California. The

study area is roughly square in shape and comprises approximate-

ly 20,100 nm 2 . Of this total, 1900 nm 2 are included in the YPG,

3230 nm 2 in LBGR, 2900 nm 2 in GBG, and the remaining approxi-

mately 12,070 nm 2 within the 30-mile extension. Extending

northerly from the United States-Mexican international boundary,

the A-SCA has maximum north-south and east-west dimensions of

approximately 168 nm and 169 nm, respectively. Areas of re-

stricted access into which data have been interpolated for this

study include YPG, San Cristobal Valley within LBGR, and the

Papago, Maricopa, Gila River, Gila Bend, Colorado, and Yuma

Indian Reservations. Areas of restricted access into which data

have not been interpolated include the Kofa Game Range, Cibola

National Wildlife Refuge, Imperial National Wildlife Refuge,

Cabeza Prieta Game Range, Organ Pipe Cactus National Monument,

Havasu National Wildlife Refuge, Lake Havasu State Park, White

Tank Mountains, and Buckeye Cooperative Regional Parks.

The A-CSA lies mainly within the Sonoran Desert section of the

Basin and Range Physiographic Province. The northernmost

portion of the study area intrudes into the Mexican Highland

section of the Basin and Range Physiographic Province, and a

small portion in the vicinity of Yuma lies within the Salton

Trough section. The physiography is controlled by, and strongly
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reflects, the underlying geologic structure. The study area is

characterized by the eroded remnants of uplifted fault-block

maountains separated by down-dropped basins. The mountain

ranges are rugged and exhibit predominantly north to northwest

trends. However, the northernmost ranges of the study area

align east to west and northeast. The valleys are generally

broad and elongate with gently sloping surfaces grading toward

the basin interiors. Major drainages within the A-CSA include

the Colorado, Gila, Bill Williams, and Santa Maria Rivers.

3.3 PRESENT PRODUCTION OF CONCRETE AGGREGATES

Current production of sand and gravel within the A-CSA serves

the needs of the local construction industry and state and coun-

ty highway departments. The estimated yearly production by com-

mercial suppliers of screened sand and gravel within the A-CSA

is less 1.5 million yd3 per year. The percentage of this total

used as concrete aggregate is unknown. There are no large scale

producers of sand and gravel within ACSA. The nearest large

aggregate producers are located in the Phoenix, Arizona area

east of the study area. Principal use centers are located at

Yuma, Buckeye, and Gila Bend, Arizona and Blythe, California.

During the field reconnaissance of ACSA most sand and gravel

operations were observed to be using stream channel deposits,

river terrace deposits, or alluvial fan deposits as material

sources. Quarries were noted in the Aztec Hills near Dateland,

Arizona and at a small isolated bedrock knob southwest of

Winterhaven, California; both were inactive. The following

table (Table 3) presents representative costs of screened sand
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and gravel and transportation costs at various localities within

the A-CSA.

TABLE 3

Representative Costs of Aggregate in the A-CSA

Screened Concrete
Location Gravel* Sand Transport

Yuma, AZ $4.40/ton $4.40/ton $.08/ton mile

Gila Bend, AZ 5.58/yd. 7.10/yd. By contract

Buckeye, AZ 4.15/ton 4.80/ton $.09/ton mile

Blythe, CA 5.10/ton 5.10/ton $.10/ton miles

* Note 1" rock unless otherwise specified

3.4 POTENTIAL SOURCES OF CONCRETE AGGREGATE

Potential sources of concrete aggregate exist within the A-CSA,

however, they are neither as abundant nor of as high a quality

as materials observed in the NM-TSA and the N-CSA. Sufficient

volumes of acceptable material to supply the requirements of the

MX system appear to be available in the study area, however,

depending on the location of the del!oyment areas selected it

may be necessary to haul aggregate further than in the NM-TSA

and the N-CSA or to use a higher percentage of crushed rock.

3.4.1 Basin-Fill Deposits

Suitable basin-fill sources of concrete aggregate are of rela-

tively limited extent within the A-CSA due to the high percent-

age of granitic and metamorphic source rocks found in the study

area which break down quickly and produce weathered particles of

low durability and clay minerals. With the exception of stream-

channel deposits and younger alluvial fans, most basin-fill
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deposits observed in the A-CSA exhibit a moderate to strong

amount of caliche development at relatively shallow depths below

the ground surface. A number of older alluvial deposits tested

had MgSO 4 soundness losses in excess of 15 percent due to the

presence of caliche coatings. Where it was felt that these test

results might not be indicative of an entire deposit the materi-

al was classified as Class B2 material and is shown as such on

the aggregate resource map (Drawing 2).

Central basin deposits in the A-CSA were ranked as Class C ma-

terial due to the fine-grained nature of the soil, the occur-

rence of various evaporative salts in the soil, and the frequent

presence of extensive caliche deposits at shallow depths.

Stream-channel deposits in these areas may produce limited

quantities of fine- to medium-grained sand suitable for use as

filler material.

3.4.1.1 Stream-Channel Deposits - Aal

Stream-channel deposits are frequently utilized as a source of

sand and gravel by aggregate producers in the A-CSA. These de-

posits vary from heterogeneous mixtures of sand, gravel, cob-

bles, and boulders near mountain fronts to fine-grained sands,

silts, and clays near valley centers and along major drainages

such as the Gila and Colorado Rivers (Drawing 2). The quality

of the material found in stream-channel deposits reflects the

properties of the rock types located in the stream's source area

and along its course, and the deposits have been ranked accord-

ingly. Due to the through-flowing nature of most drainages and
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the widespread occurrence of intermediate and acidic volcanics

in the A-CSA, the materials found along the larger stream

channels in the study area should be considered potentially

alkali reactive. Near mountain fronts where stream gradients

are high, stream-channel deposits are generally coarse-grained,

noncemented, free of deleterious coatings, suitably shaped,

contain a low percentage of silt and clay fines, and are rela-

tively durable (the soft and friable materials having been

removed by the natural abrasive action of stream transport).

Further from the mountain fronts, suitable sources of sand may

be located. Material deposited by streams near valley centers

or on the flood plains of major drainages are generally too

fine-grained to make acceptable aggregate. Many stream-channel

deposits are self-renewing with a frresh supply of sand and grav-

el being carried downstream during periclic cloudbursts.

The majority of stream-channel deposits in the A-CSA are not

individually large enough to supply the quantity of material re-

quired by the MX system. However, several such deposits located

around deployment area could supply the necessary volume of

aggregate.

Due to their relatively small size, most stream-channel deposits

have been included within one of the larger composite materials

categories shown on the aggregate resource map (Drawing 2).

3.4.1.2 River Terrace Deposits - At

River-terrace deposits along the Gila and Hassayampa rivers

represent a locally extensive source of potentially acceptable

liGWo NMTIONAL, 
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concrete aggregate. A number of small borrow pits have been

developed in these deposits. Most are inactive or used only

periodically to supply the requirements of local construction

projects. The materials within these deposits consist of hard,

durable, semiround to round particles of the more resistant rock

types found upstream. A high percentage of potentially alkali

reactive volcanic particles are found throughout this unit.

Usually at less than a 1-foot depth, there occurs a zone of

Stage II to Stage IV caliche development. Locally, zones of

heavy caliche cementation occur at various depths on stratified

unconsolidated sand and gravel. MgSO 4 soundness tests run on

these calichified surface materials show losses in excess of 15

percent due to the presence of caliche coatings. Therefore,

surface materials and zones of strong caliche development are

not considered suitable for use as concrete aggregate. However,

it may be practical to strip off the overlying calichified

material and use the underlying sand and gravel.

River-terrace deposits along the Gila River in the vicinity of

Gila Bend and Dateland, Arizona, are overlain by a layer of

loose blow-sand. Further investigation in these areas may un-

cover significant additional quantities of acceptable material.

Due to the widespread occurrence of potentially alkali reactive

material and zones of strong caliche development, this unit has

been ranked as Class B material.

fJIGRO NATIONAL. O.
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3.4.1.3 Alluvial Fans - Aaf

Alluvial fans are found flanking many mountain fronts in the

A-CSA. Acceptable aggregate can be produced from selected

deposits in the study area, however, due to the marginal nature

of much of this material, careful exploration and testing would

be required to prove out adequate reserves of suitable aggre-

gate.

These deposits are generally poorly sorted, heterogeneous to

poorly stratified mixtures of boulders, cobbles, gravel, sand,

clay, and fines (Appendix E). They exhibit steep to moderate

slopes, become finer grained with decreased stream gradients

toward the valley center and are dissected by numerous braided

streams and arroyos.

The quality of the material found in these deposits for use as

concrete aggregates varies with the rock types in their source

areas. The best source of materials within active alluvial fan

deposits is near mountain fronts where stream gradients are high

and coarse-grained, clean materials are deposited. These areas

also contain the youngest fan materials, so caliche development

is at a minimum. Due to the rapid decomposition of granite and

granite gneiss rock units and the weathering of feldspars to

clay, alluvial fans are poorly developed along mountain ranges

composed of these rock types. Alluvial fans fronting mountain

ranges containing schists or gneiss with strongly developed

foliation or segregation banding commonly contain an excess of

platy, elongate, or smooth particles, and the possible presence

of chlorite minerals is considered to be high. The relative
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age of the fan also affects material quality; older portions of

fans commonly contain more decomposed clasts and have a higher

percentage of clay materials.

In older alluvial fans, and where source rocks are predominantly

carbonates, strong caliche cementation was observed with Stage

II to Stage IV caliche development occurring from 3 to 10 feet

below the fan surface. At these depths, alluvial fan materials

are well-consolidated, contain excess carbonate as deleterious

coatings, and are not considered suitable for use as concrete

aggregate. However, the layer of poorly to noncemented material

overlying the calichified zone may produce acceptable aggregate.

The rankings assigned to the various alluvial fan units in the

N-CSA reflect the quality of the materials contained in the

deposit and the extent of caliche development present.

3.4.1.4 Alluvial Deposits Undifferentiated - Au

The best potential sources of concrete aggregate within this

composite alluvial unit are to be found in stream-channel de-

posits and in younger alluvial fans and river terraces. These

materials are generally coarse-grained, have a low percentage of

silt and clay fines, and have a minimum amount of caliche devel-

opment. At present, the only known production of sand and grav-

el from this unit comes from small borrow pits which supply

aggregate for road maintenance and construction.

"GRO NATIONAL. INC,



FN-TR-20D
45

The principal deposits comprising this map unit in the A-CSA are

pediments, river terraces, and alluvial fans. These deposits

have ueen grouped together as undifferentiated in areas where

contacts are gradational or too complex to show at map scale.

Pediments, older river terraces, and the older portion of allu-

vial fans, where observed, frequently exhibited Stage II to

Stage IV caliche development from 3 to 10 feet below the

ground surface. Locally, MgSO 4 soundness tests performed on

these materials showed losses in excess of 15 percent resulting

from the presence of caliche coatings. Due to the limited

number of tests performed and the variable extent of caliche

redevelopment at difterent localities in this unit, these test

results are not considered to be representative of all the

deposits in this group. However, they do indicate the need for

a careful exploration and testing program to locate _n accept-

able source of concrete aggregate in this unit.

The widespread occurrence of potentially alkali reactive materi-

al and the variable nature of the caliche development found

within individual deposits makes this unit Class B material.

3.4.2 Rock Units

The principal hardrock (quarry) sources of potentially accept-

able concrete aggregate within the A-CSA (Drawing 2) include

basalt, granitic rocks, gneiss and associated metamorphic rocks,

and sedimentary rocks undifferentiated. Each of these units are

briefly characterized in the following pages.
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3.4.2.1 Basalt - Vb

Due to the remote location of exposures and the current low de-

mand for aggregate, basalt is not presently being utilized as a

source of crushed rock in the A-CSA. Limited test results show

basalt to be adequately durable and sound with low to moderate

material losses in the Los Angeles abrasion and MgSO 4 soundness

tests. The basalts are frequently vesicular and may be scori-

aceous (greater than 50 percent vesicles) especially near the

tops of flows. This material would have to be avoided or

removed before the deposit could be effectively quarried. Thin-

section analyses indicate that basalts within the N-CSA fre-

quently contain interstitial glass and, as a result, may be

alkali reactive.

Two ages of basalt are recognized in the A-CSA, a younger group

of flat-lying flows and an older sequence which is extensively

eroded and block-faulted (Appendix F). Weathering of these

units produces bouldery masses and talus slopes which mantle the

sides of the so-called "Malpais Hills" within the study area.

The surfaces of many of these basic flow rocks (particularly the

older tilted series) may be decomposed into a sticky, plastic

clay. Road cuts through both the younger and older flows show

these materials to be extensively fractured with considerable

caliche coatings along joints. Locally the basalts contain

interbeds of sedimentary material, tuff, or volcanic agglomer-

ate.
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Due to the presence of potentially alkali reactive volcanic

glass and the vesicular nature of the rock, basalt in the A-CSA

has been ranked as Class B or B2 material.

Extensive exposures of intermediate to acidic extrusive and

shallow intrusive rocks occuring as a sequence of flows, dikes,

plugs, airfall tuffs, ashflows, and agglomerates are widespread

in the A-CSA. These rocks are frequently highly altered, erod-

ed, and fractured. As a rule, these materials are not consid-

ered to be adequate as a source of crushed rock due to a lack of

durability and a high percentage of low density, friable, and

porous material. However, isolate rock units within these

volcanics may provide limited quantities of suitable material.

Due to the isolated nature and very limited extent of these

acceptable materials, they have not been indicated on the A-CSA

aggregate resource map.

3.4.2.2 Granitic Rock - gr

The granitic rocks found within the A-CSA represent a potential

source of nonreactive crushed rock, however, the extentl to which

they may be utilized as concrete aggregate is strongly dependent

on the degree and depth to which they have been weathered. Dur-

ing the field reconnaissance, only one small quarry was observed

in this material.

Granitic rocks include both intrusive and metamorphosed intru-

sive units such as granites, quartz monzonite, monzonite, and

granite gneiss. They are typically light-colored, medium- to

coarse-grained, and silicious to intermediate in composition.

Tu 0 MATIUNAL 1U



FN-TR-20D
48

The degree and depth of weathering of these rocks is extremely

variable throughout the A-CSA.

Where observed in outcrops, the majority of granitic rocks were

moderately to highly weathered and were not considered to be a

suitable source of crushed rock (Appendix F). Exposures seen in

road cuts and in the quarry were moderately weathered to fresh

at depths ranging from 3 to 40 feet below the ground surface.

Due to the high degree of weathering observed at the surface and

the uncertain depths to which the weathering extends below the

surface, most granitic rock in the A-CSA have been ranked as

Class B or B2 material.

3.4.2.3 Gneiss and Associated Meiamorphic Rocks - gn

Gneiss and associated metamorphic rocks represent a potential

source of nonreactive crushed rock; the extent to whicn they may

be utilized as a material source is strongly dependent on the

depth and degree of weathering and the extent to which they are

foliated. During field reconnaissance, one inactive quarry in

this material was observed.

The rock included within this unit ranges from granite gneiss

consisting of coarse, equidimensional quartz and feldspar grains

with slight to moderate foliation to typically banded gneiss

which exhibit both strong mineral segregation and foliation.

Where observed in surface exposures,these rocks were moderately

to very weathered and were not considered to be a suitable

source of crushed rock. Several deep cuts in these materials

NMo.agO~AL ,NO
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observed along U.S. Interstate 8 and in the quarry expose fresh

to slightly weathered rock between 10 and 40 feet below ground

surface.

Where foliation (e.g., banding) is poorly developed or widely

spaced, fresh material from this unit can produce suitable

crushed rock. When foliation is closely spaced or where the

rock has become schistose or phyllitic in character, it is

considered an unsuitable source of material and may be poten-

tially alkali reactive. Localized, irregularly shaped bodies of

mafic metamorphics associated with gneiss may contain chlorite

minerals which, when placed in concrete, can be detrimental to

structural steel.

Due to the high degree of weathering observed at the surface and

the variable extent to which foliation may be present in this

unit, the majority of gneissic rock in the A-CSA has been ranked

as Class B or B2 material.

3.4.2.4 Sedimentary Rocks Undifferentiated - Su

The majority of the material in this unit is durable enough to

make an acceptable source of crushed rock. However, due to the

limited exposures of this unit and its isolated nature, it is

not expected to provide large or continuous quantities of

material.

Rock units grouped within this category are primarily limestones

and dolomites with associated quartzites and interbedded shale,
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sandstone, and conglomerate. The limestone is typically light-

to dark-gray, thin- to massively bedded, cherty, and fossilifer-

ous. Where present, the associated quartzites have been grouped

with the limestones because individual outcrops are not exten-

sive enough to be shown at map scale. The quartzites are

commonly white to red-brown, medium- to thick-bedded, and of

variable hardness. As a group these rocks have been faulted,

tilted, and locally metamorphosed.

Due to the presence of potentially alkali reactive material and

the locally highly deformed nature of these rocks, this unit has

been ranked as Class B or B 2 material.
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F' ~ 54\EXPLANATION 5

SOURCES OF POTENTIAL AGI6REGATE SYMBOLS
SYMBOLS g-2

BASIN-FILL DEPOSITS FUGRO NATIONAL FIELD STATIONS
Stream Channet Deposits (&l)* Basin-Fill Deposits

0 Bata point, not sampledRiver Terrace Deposits (A2) Sampled and not tested
S Sampled and tested

Alluvial Fan Deposits (A5) Rock Units

Alluvial Deposits Undifferentiated (A) A Data point, not sampled

ROCK UNITS A Sampled and thin-sectioned
B Sampled and tested
Basalt (12 andor 13) Photo Stop

Granitic Rocks (12) 0 Photograph only

EXISTING BORROW PIT OR QUARRY
Gneiss and Associated Metamorphic RocksU(M) Test data available

MATERIAL TYPE-RANKING

Sedimentary Rock Undifferentiated(S) gr-B 2  See Ranking System below
*Reference Appendix G for symbol explanation and GEOLOGIC CONTACT
comparison. RANKING SYSTEM .- Dashed where approximate

A CLASS A: Potential sources of high quality aggregate not requiring the use of special cements or admixtures. Onlynominal processing necessary to meet known requirements for concrete aggregate. Note: Additional testingand case history studies needed to confirm adequacy and define exact characteristics of material.
B CLASS B: Potential sources of concrete aggregate exhibiting one or more undesireable characteristics which make itof poorer quality than Class A aggregate. Detailed investigation would be required to accurately defineaggregate suitability and probable concrete characteristics. Where possible this class of material wasdivided into subunits 81 and 2. Materials classified as 8B are considered to be generally adequate forconcrete aggregate. 82 material is considered to be probably suitable but has several characteristics

which may make it marginal for use as a concrete aggregate.
C CLASS C: Material considered undesireable for use as concrete aggregate.
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4.0 NEVADA-CALIFORNIA STUDY AREA

4.1 SUMMARY OF AGGREGATE RESOURCES

This section presents a brief summary of the potential sources

of concrete aggregate found in the N-CSA. They have been

grouped under their general type of deposit (basin fill or hard

rock) and are listed in decreasing order of suitability.

It should be noted that the composite alluvial units listed were

primarily established to accommodate map-scale limitations and

frequently contain deposits which can supply significant quanti-

ties of high-quality material.

4.1.1 Basin-fill Deposits

1. Stream-Channel Deposits

- generally coarse-grained, clean, suitably shaped, non-
cemented, free of deletereous coatings; and

- best quality materials found along streams which drain
quartzite or carbonate terrain (due to their relatively
small size more than one deposit may be required to sup-
ply the necessary volume of aggregate).

2. Alluvial Fans

- widespread throughout the N-CSA;
- contain large quantities of materials;
- best quality material found in deposits with quartzite

or carbonate rock in their source areas;
- older portions of alluvial fans frequently exhibit strong

caliche cementation and clay development; and
- materials grade from coarse-grained near mountain fronts

to finer-grained near valley centers.

3. Alluvial Deposits Undifferentiated

- one of the most heavily utilized sources of aggregate in
the N-CSA;

- composite alluvial unit comprised of alluvial fans,
pediments, river terraces, and stream-channel deposits;

- shown in areas where contacts between deposits are gra-
dational or too complex to show at map scale;

- deposits are of different ages and origin and exhibit a
wide variation in quality of material;

[UGRG NATIONAL INC
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- best quality material found in deposits with quartzite or
carbonate rock in their source area;

- older alluvial fan and pediment deposits frequently ex-
hibit strong caliche cementation and clay development;
and

- best material sources are stream-channel deposits and
younger stream terraces or alluvial fans.

4.1.2 Rock Units

1. Quartzite

- locally extensive reserves;
- hard, durable, clean, nonreactive;
- thick-bedded and massive in eastern portion of study

area; and
- interbedded with up to 50 percent sandstone, shale, and

dolomite on west side of stady area.

2. Limestone

- locally extensive reserves;
- thick- to massively bedded limestone with thin horizons

of shale and siltstone; and
- none to very low percentage of potentially reactive ma-

terial.

3. Carbonate Rocks Undifferentiated

- widespread within study area;
- thick- to massively bedded limestones and dolomites

interbedded with locally extensive sandstone and shale
horizons; and

- contain dolomite and opaline chert which may be alkali
reactive.

4. Arcturus Formation

- extensive outcrops in northern portion of study area;
- lower limestone members considered suitable for crushed

rock; and
- contains dolomite and opaline chert which may be alkali

reactive.

5. Basalt

- limited testing indicates rock may be sufficiently

durable and sound;
- includes flows, flow remnants, dikes, and plugs;
- generally vesicular, locally scoriaceous and may have low

specific gravity or be porous;
- interstitial volcanic glass possibly alkali reactive; and
- interbedded sedimentary and volcanic agglomerate units.

-Ra NATIOmAL MO
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6. Granitic Rock, Gneiss, and Associated Metamorphic Rock

- nonreactive;
- degree and depth of weathering highly variable;
- most material exposed at surface is not considered to be

a suitable source if crushed rock; and
- locally, gneiss exhibits well-developed, closely spaced

foliation.

7. Sedimentary Rocks Undifferentiated

- located in the White and Inyo mountains of California;
- include shale, argillite, limestone, dolomite, and quart-

zite;
- structurally disturbed, locally metamorphosed; and
- thin-bedded, highly variable deposit.

8. Volcanic Rock Undifferentiated

- intermediate to acidic rock occurring as flows, dikes,
plugs, airfall tuffs, ash flows, and agglomerates;

- not generally considered suitable for aggregate due to
low durability and excess of low density, soft particles;
and

- locally, flow units of suitable materials do occur
(indicated on map where recognized).

4.2 LOCATION AND DESCRIPTION

The N-CSA is located in south-central Nevada and east-central

California (Figure 4). It includes portions of Clark, Lincoln,

White Pike, Eureka, Nye, Mineral, Esmeralda, and Lander coun-

ties, Nevada, and Mono and Inyo counties, California. Roughly

rectangular to square in shape, the study area comprises approx-

imately 40,400 nm 2 . Of this total, 4529 nm 2 are within the

NBGR, 9569 nm2 within the Nellis Group of BLM lands (NG), and

the remaining approximately 26,300 nm2 is within the 30-mile

extension. Extending northerly from near Las Vegas, Nevada, the

N-CSA has maximum north-south and east-west dimensions of 238

nm2 and 215 nm2 , respectively. Areas of restricted access into

which data have been interpolated for this study area include

PGRO NATIONAL ONO
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the NBGR, the Nevada Wildhorse Range, Desert National Wildlife

Range, Yomba Indian Reservation, Duckwater Indian Reservation,

Moapa Indian Reservation, Nevada Test Site, Tonopah Test Range,

and several small areas which have been designated recreation

lands or wildlife management areas. Areas into which data have

not been interpolated include Death Valley National Monument,

Lake Mead National Recreation Area, Valley of Fire State Park,

Beaver Dam State Park, Cathedral Gorge State Park, and Pahrana-

gat National Wildlife Refuge.

The N-CSA lies totally within the Great Basin section of the

Basin and Range Physiographic Province. The physiography is

controlled by, and strongly reflects, the underlying geologic

structure. The study area is characterized by the eroded

remnants of uplifted fault-block mountains separated by down-

dropped basins. The ranges are rugged and exhibit predominantly

north to northwest trends. The valleys are generally broad,

elongate, gently sloping surfaces grading toward the basin's

interior. Typically, closed-basin conditions predominate with

primary and secondary drainages terminating at playas in the

central portion of the basins.

The basins are characterized by alluvial fans flanking the

mountains and coalescing around playa lakes in the central

portions of the valleys. White River is the only major drain-

age system within the N-CSA.

fic.o NATo.T ,
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4.3 PRESENT PRODUCTION OF CONCRETE AGGREGATE

Presently, sand and gravel are produced in the N-CSA for use by

the local construction industry and state and county highway

construction and maintenance. The estimated yearly production

by commercial suppliers of screened sand and gravel within the

N-CSA is less the 1 million yd3 per year. The percentage of

this total used as concrete aggregate is unknown. The only area

within the N-CSA served by large-scale aggregate producers is

Las Vegas, Nevada, and vicinity. All other areas are served by

small independent producers. The principal use centers are Las

Vegas and Ely, Nevada. During field reconnaissance of the N-CSA

most of the sand and gravel operations observed were located in

stream channel deposits, river-terrace deposits, or alluvial fan

deposits. One quartzite quarry operation in was observed at the

south end of the Arrow Canyon Range, and a cement plant quarry

operation was noted in the Las Vegas Mountains northeast of Las

Vegas, Nevada. The following table (Table 4) presents represen-

tative costs of screened sand and gravel and transportation

costs at various localities within the N-CSA.

TABLE 4

Representative Costs of Aggregate in NCSA

Screened Concrete
Location Gravel* Sand Transport

Las Vegas $4.65/yd (3/4") $5.45/yd $.30/yard mile

Ely $7.00/yd $8.00/yd $.09/yard mile

* Note 1" rock unless otherwise specified

fU GE NATIONAL $12
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4.4 POTENTIAL SOURCES OF CONCRETE AGGREGATE

The literature search and field reconnaissance of the N-CSA have

determined that numerous potential sources of concrete aggregate

are located within the study area. Sufficient volumes of

acceptable materials appear to be available from either basin-

fill or hard-rock sources. Current production of sand and

gravel is limited to basin-fill deposits; only one small quarry

(abandoned) was observed during the field reconnaissance.

4.4.1 Basin-fill Deposits

The principal basin-fill sources of potentially acceptable

concrete aggregate within the N-CSA (Drawing 3) includes stream-

channel deposits, alluvial fans, and alluvial deposits undif-

ferentiated. Due to the widespread occurrence of carbonate rock

in the N-CSA, the degree of caliche development and cementation

within the basin-fill deposits of this area was the strongest

observed during the study. The older portions of most alluvial

deposits are strongly cemented frequently exhibiting Stage III

or Stage IV caliche development at shallow depths below the

ground surface.

4.4.1.1 Stream-Channel Deposits - Aal

Stream-channel deposits are the most heavily utilized source of

sand and gravel by commercial producers of concrete aggregate in

the N-CSA. While these deposits contain sufficient quantities

of material to meet the needs of local users, the great majority

are not individually large enough to supply the volume of

material required by the MX system. However, several such

"iGRU NATIUNAL. 1N0.
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deposits located around a deployment area could supply the

necessary aggregate.

Stream-channel deposits vary from heterogeneous mixtures of

sand, gravel, cobbles, and boulders near mountain fronts to

fine-grained sands, silts, and clays near valley centers. The

quality of the material found in stream-channel deposits re-

flects the properties of the rock types found in the stream's

source area and along its course, and the deposits have been

ranked accordingly. The most durable materials are found along

streams which drain areas of carbonate or quartzite terrain.

The deposits along streams draining volcanic and metamorphic

source areas are highly variable and may or may not contain

acceptable materials. Near mountain fronts where stream gradi-

ents are high, stream-channel deposits are generally coarse-

grained, noncemented, free of deleterious coatings, suitably

shaped, contain a low percentage of silt and clay fines, and are

relatively durable (the soft and friable materials having been

removed by the natural abrasive action of stream transport).

Further from the mountain fronts, suitable sources of sand may

be located. Material deposited by streams near valley centers

or on the flood plains of major drainages are generally too

fine-grained to make acceptable aggregate. Many stream-channel

deposits are self-renewing, with a fresh supply of sand and

gravel being carried downstream during periodic cloudbursts.

In the N-CSA, most drainages are closed basins with few stream

channels extending to near the central portions of the basin.
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As a result, most stream-channel deposits are relatively small

and for that reason, many have been grouped with alluvial fan

deposits or as undifferentiated alluvial deposits along mountain

fronts.

4.4.1.2 Alluvial Fan Deposits - Aaf

Alluvial fans flanking mountain fronts are widespread throughout

the N-CSA and contain some of the best and most extensive re-

serves of sand and gravel in the study area. Numerous small

borrow pits have been established by local aggregate producers

in this unit, with the bulk of the material being utilized for

road construction and maintenance.

Alluvial fan deposits are poorly sorted, heterogeneous to poorly

stratified mixtures of boulders, cobbles, gravel, sand, silt,

and clay fines (Appendix F). They exhibit steep to moderate

slopes, become finer grained with decreased stream gradient, and

where coalesced, form bajadas. Generally, the alluvial fans in

the N-CSA grade quickly to valley floors, are poorly dissected,

and, in the northern portion of the study area, are moderately

to heavily vegetated.

The quality of the material found in these deposits for use as

concrete aggregates varies with the particular rock types in

their source areas, and the deposits have been ranked accord-

ingly. Fans with quartzites or carbonate rocks in their source

area generally contain the highest quality materials. The rela-

tive age of the fan also affects the quality of the material.

The older portions of fans commonly contain more decomposed

GRO MATIO"AL 
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clasts and have a higher percentage of clay minerals. The best

source areas within active alluvial fan deposits are near the

mountain fronts where stream gradients are high and coarse-

grained clean materials are deposited. These areas also contain

the youngest fan materials, so caliche development is at a

minimum. Further from the mountain fronts, deposits of finer

grained material may be located.

The degree of caliche development and cementation in the older

portions of many alluvial fans in the N-CSA was the strongest

observed during this study. Stage II to Stage IV caliche

development frequently occurs at depths of 1 to 10 feet below

fan surfaces in areas where carbonate rocks are common. At

these depths, alluvial fan materials may be consolidated, con-

tain excess carbonate as deleterious coatings, and are not

considered suitable for use as concrete aggregate. However, the

1 to 10 feet of poorly to noncemented material overlying the

calichified zone may produce acceptable aggregate.

4.4.1.3 Alluvial Deposits Undifferentiated - Au

The materials within this unit are heavily utilized as a source

of sand and gravel in the N-CSA. This is due to the fact that

*many small stream-channel deposits and younger alluvial fans

included within this larger composite map unit because of

map-scale limitations are a preferred source of materials by

aggregate producers in the Las Vegas, Nevada, area.

The best potential sources of concrete aggregate within this

unit are to be found in stream-channel deposits and in the
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younger portions of alluvial fans near mountain fronts where

materials are coarse-grained, have a low percentage of silt and

clay fines, and a minimum amount of caliche development. The

most durable materials are found in deposits which have quart-

zite or carbonate rocks in their source area, or where other

materials have been transported sufficiently far to remove the

softer particles. Pediments and the older portions of alluvial

fans frequently exhibit Stage II to Stage IV caliche development

from 1 to 10 feet below the ground surface.

The widespread occurrence of potentially alkali reactive materi-

al and the variable nature of caliche development found indi-

vidual deposits makes this unit Class B material.

4.4.2 Rock Units

The principle hard-rock (quarry) sources of acceptable crushed

rock within the N-CSA (Drawing 3) include quartzite, limestone,

carbonate rock undifferentiated, the Arcturus Formation, gran-

itic rocks, gneiss and associated metamorphic rocks, sedimentary

rocks undifferentiated, and volcanic rocks undifferentiated.

4.4.2.1 Quartzie - Qtz

Extensive deposits of quartzite within the N-CSA are capable of

producing large quantities of hard, durable, nonalkali reactive

crushed rock for use as concrete aggregate. The present known

production of crushed rock from this unit is extremely limited;

one small abandoned quarry was observed during the field recon-

naissance.
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The quartzites within the N-CSA include both sedimentary and

metasedimentary rocks. Typically, they are light-colored with

local red-brown and purple zones and are composed of 90 to 100

percent quartz grains. The quartzite observed during the field

reconnaissance ranged from a medium- to massive-bedded sequence

of very durable quartzite with minor shale, sandstone, and

siltstone interbeds in the eastern and southern portions of the

study area to a western series of thin- to medium-bedded quart-

zites interbedded with as much as 50 percent shale and siltstone

(Drawing 3).

Where quartzite was the predominant constituent of the deposit,

it was ranked as Class A material. Where quartzites have been

recognized in the field or noted in the literature as containing

appreciable quantities of dolomite, siltstone, or shale, they

were ranked as Class B or B1 material.

4.4.2.2 Limestone - Ls

Carbonate rocks designated as limestone in the N-CSA represent a

potential source of high-quality, nonalkali reactive crushed

rock. There is no known present production of crushed rock from

this unit. Typically, the limestone within this formation are

light- to dark-gray, thick- to massively bedded, and fossilif-

erous with minor horizons of shale and siltstone. This unit is

a hard, durable cliff former and appears to be essentially free

of chert, dolomite, and other deleterious materials. This unit

crops out in portions of the Snake, Egan, and Cherry Creek

ranges (Drawing 3) and, where recognized, has been ranked as

Class A material.
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4.4.2.3 Carbonate Rock Undifferentiated - Cau

The rock units classified as carbonate rocks undifferentiated

represent the most widespread source of high-quality, crushed

rock within the N-CSA. There is no known significant production

of material for use as concrete aggregate from this unit at the

present time. However, a cement plant located northeast of Las

Vegas, Nevada, uses the quarried material from this unit as its

source of lime.

Materials classified as carbonate rocks undifferentiated include

thick sequences of complexly faulted limestones and dolomites

interbedded with locally extensive sandstone, shale, siltstone,

and chert. The formations included within this unit are typi-

cally light- to dark-gray, thinly to massively bedded, cherty,

and fossiliferous. Locally, quartzites have been included in

this unit where individual outcrops were not extensive enough to

be shown at map scale.

These rocks are generally hard, durable, cliff formers and are

the competent units that form many of the major topographic

features in eastern and southern Nevada. They have been ranked

as Class B material due to the presence of soft shale and sand-

stone horizons and the presence of opaline cherts and dolomite

which may make the deposits alkali reactive.

4.4.2.4 Arcturus Formation - Par

The Arcturus Formation outcrops over an extensive area in the

northern portion of the N-CSA. It consists of tw. members, an

upper sequence of calcareous sandstone and siltstone which is
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not considered an acceptable source of crushed rock and a lower

cherty limestone member which locally may supply significant

quantities of suitable material. The limestone member was shown

separately where recognized and combined with the sandstone mem-

ber where contacts are unclear (Drawing 3).

Typically, the lower member consists of massive, light-olive-

gray to white, resistant, fossiliferous, cherty limestone and

dolomite with occasional softer horizons of sandy limestone and

silty limestone. This unit has been ranked as Class B 2 due to

the locally extensive exposures of sandstone found within this

formation and the presence of dolomite and opaline chert which

may make the material alkali reactive.

4.4.2.5 Baslat - Vb

Due to the current low demand for ajregate within the study

area and the isolated nature of most exposures, basalt is not

being utilized as a source of crushed rock in the N-CSA. Those

basalts on which limited tests were run showed adequate durabil-

ity with low to moderate material loss in L.A abrasion and

MgSO 4 soundness tests. The basalts are frequently vesicular

and may be scoriaceous (greater than 50 percent vesicles) espe-

cially near the tops of flows. This material would have to be

avoided or removed before the deposit could be effectively quar-

ried. Thin-section analyses indicate that the basalts in the

N-CSA frequently contain interstitial glass and, as a result,

may be alkali reactive. Locally, the basalts contain numerous

interbeds of volcanic agglomerate and tuffaceous materials.
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Due to the presence of potentially alkali reactive volcanic

glass, the vesicular nature of the rock, and the interbedded

soft materials, basalts in the N-CSA are ranked as Class B or B2

material.

4.4.2.6 Granitic Rock - gr

Granitic rocks found within the N-CSA represent a potential

source of nonreactive crushed rock, however, the extent to which

they may be utilized as concrete aggregate is strongly dependent

on the degree and depth to which they have been weatiered.

There is no known significant production of aggregate from

granitic rocks in the N-CSA. Granitic rocks include intrusive

and metamorphosed intrusive rocks such as granite, monozonite,

granite gneiss, and diorite gneiss. These rocks are typically

light-colored, medium- to coarse-grained, silicious to inter-

mediate intrusives with local gneissic or schistose structure

developed near contacts and major structures. Where observed in

outcrops, the majority of these granitic rocks were moderately

to highly weathered and were not considered to be a suitable

source of crushed rock. Exposures in man-made cuts were moder-

ately weathered to fresh at depths to 40 feet.

Due to high degree of weathering observed at the surface and the

uncertain depth to which the weathering extends below the

surface, most granitic rocks in the N-CSA have been ranked as

Class B2 material.
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4.4.2.7 Gneiss and Associated Metamorphic Rock - gn

Gneiss and associated metamorphic rocks represent a potential

source of nonreactive crushed rock; the extent to which they can

be utilized as a materials source is strongly dependent on the

depth and degree of weathering and extent to which they are

foliated.

Gneissic rocks within the study area are, for the most part,

Precambrian metamorphic complexes. These materials consist of

quartzose and banded gneiss with occasional irregularly shaped

bodies of mica schist. Locally, the quartzose layers become

thick to massive and resemble quaitzite. Where observed in

outcrops, these gneissic rocks were moderately to highly weath-

ered and considered a suitable source of crushed rock.

Where foliation is poorly developed or widely spaced, fresh

material from this unit may produce acceptable crushed rock.

When foliation is closely spaced or where the rock has become

schistose or phyllitic in character, it is considered an unsuit-

able source of crushed rock and may be alkali reactive. Local-

ized irregularly shaped bodies of mafic metamorphics associated

with the gneisses may contain chlorite minerals which can be

detrimental to steel placed in concrete containing such aggre-

gate.

Due to the high degree of weathering observed at the surface and

the variable extent to which foliation may be present in this

unit, the majority of gneissic rock in 'he N-CSA has been ranked

as Class B2 material.
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4.4.2.8 Sedimentary Rocks Undifferentiated - Su

This unit includes sedimentary and metasedimentary rocks crop-

ping out predominantly in the White and Inyo mountains of

eastern California. Rocks within this unit include interbedded

sandstone, argillite, shale, dolomite, limestone, and quartzite.

In many localities, these sediments have been metamorphosed to a

hornfels or schist.

Locally, the limestone, dolomite, and quartzite represent

potential aggregate sources, but due to the extreme variability

of the material types, the presence of potentially alkali

reactive material and the extent of metamorphism and structural

disturbance, these materials have been ranked as Class B2 mate-

rials.

4.4.2.9 Volcanic Rocks Undifferentiated - Vu

Extensive exposures of intermediate to acidic extrusive and

shallow intrusive rocks occurring as a series of flows, dikes,

plugs, airfall tuffs, ash flows, and agglomerates are found in

the central and western portions of the N-CSA. As a rule, these

materials are not considered to be an adequate source of crushed

rock due to a lack of durability and a high percentage of low

density, friable, and porous material (Appendix F). However,

materials with adequate durability are present locally and have

been indicated (Drawing 3) where identified.

Due to the presence of potentially alkali reactive material, the

possible contamination by soft or friable particles, and the
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isolated nature of their exposures, this unit has been ranked as

Class B2.
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FIELD STATION CROSS REFERENCE NUMBERING GUIDE

I NY-R-1 71 "V-R-1 141 NV-R-1 41 211 NV-H-38 281 NV-H-I 08

2 NV-R-2 72 NV-R-72 142 N V-R-) 42 212 NV-H-39 282 NV-H-1 09

3 NV-R-3 73 NV-R-73 143 NV-R-1 43 213 N V-H-AC 283 NV-H-1 1

4 NV-R-4 74 NV-R-iA 144 NV-R-1 44 214 NV-H-Al1 284. N V-H- I11

5 NV-R-S 75 NV-A-iS 145 NV-R-I 45 215 NV-H-42 285. H V-H- 112

S N V-R-6 75 NV-A--iS 146 NV-R-1 46 216 NV-H-43 286. NV-H-1 13
7 NV-A-7 77 NV-R-7 7 147 NV-R-1 47 217 NV-H-44 281. N V-H-I A

8 NV-R-8!- 18 NV-R-78 148 NV-R-1 48 218 NY-H-45 288 NV-HP-l15

9 NV-R-9 79 NV-R-79 149 N V-R- 4 9 219 NV-H-AS 289 NV-H-US1

10 NV-A-JO0 80 NV-A-SO 150, NV-R-1 50 220 NV-H-47 290. NV-H-il17

11 NV-R-1 1 81 NV-A-8I 151 NV-R-1 51 221. NVY-H-AS8 291 NV-H-I1i8

12 NV-A-1 82 NV-R-82 152 NV-R-I 52 222. NV-H-4 9 292. NV-H-1 19

13 N V-R- 13 83 NV-A-83 153. NV-R-1 53 223. NV-H-SO0 293. NV-41-12 0

14 NV-R-1 4 84 NV-R-84 154. NV-R-I 54 224. NV-H-5 1 294. NY-H- 12 1

15 NV-A-1 5 85 NV-R-85 155. NV-R-1 55 225. NV-N-52 295. NV-H-I 22

16, NV-R- 16 86. NV-R-86 15f. NV-R-1 56 226. NV-H-53 296. NV-H-1 23

17 NV-A-I 7 Si7 NV-R-8i 157. NV-R-1 57 227. NV-H-54 291. NV-H-1 24

18 NV-R-1 8 88. NV-R-88 158. NV-R-I 58 228. NV-H-55 298. NV-H-1 25

19 NV-R-1 9 89 NV-R-89 159 NV-R-I 59  229. NV-H-56 299. NV-H-1 26
20. NV-R-20 90 NV-R-90 160 NV-A-IS60 230. NV-H-57 300. NV-H-1 27

21.- NV-R-21 91.- NV-R-91 161. NV-R-1 61 231.- NV-H1-58 301 . NV-N-I

22. NV-R-22 92, NV-R-92 152. NV-R-1 62 232. NV-0-5 9 302. HVY-N-2

23 NV-R-23 93- NV-R-93 163. NV-R-1 63 233. NV-H-SO 303. NV-N-3

24. NV-R-24 94 NV-R-94 164. NV-R-1564 234. NV-H-SI 304. N V-N-A

25. NV-R-25 95. NV-R-95 165. NV-R-1 65 235. NV-H-62 305. NVY-N-5

26. NV-R-26 96. NV-R-96 156. NV-R-1 66 236. NV-H-63 306. N V-N-S
27. NV-R-21 91. NV-R-91 167 NV-R-1 67 231. NV-H-64 307. N V-N-i

28N--8 98N--8 168. NV-R-168 238. NV-H-OS 308. NV-N-8
29 NV-R-29 98. NV-R-98 6.N--5 239. NV-H-66 309. NV-N-9

30. NV-R-30 100 NV-R-100 170. NV-A-17O 240. NV-H-Si 310. NV-W-1

31. NV-R-31 101. NV-R-101 171. NV-R-1i1 241- NV-H-68 311. NV-W-2

32. NV-R-32 102. NV-R-102 172. NV-R-172 242. NV-H-69 312. NV-W-A

33. NV-R-33 103. NV-A-103 173. NV-R-1i3 243. NV-H-70 313. NV-LAN-1

34. NV-R-34 104. NV-R-104 114. NV-R-liA 244. NV-H-7I 314. NV-LAN-2

35. NV-R-35 105. NV-R-105 175. NV-H-I 245. NV-H-72 315. NV-LAN-3

36. NV-R-36 108. NY-A-lOS 176. NY-H-2 246. NV-H-73 316. NV-CIO

31. NY-R-31 101. NY-R-1O7 171. NV-H-3 241.. NV-H-14 311. NV-Cl

38. NY-R-38 108. NY-A-lOS 178. NV-H-A 248. NV-H-iS 318. NV-C3

39. NV-R-39 109 . NV-R-109 179. NV-H-S 249. NY-H-lB 319. NV-Cl

40. NV-A-4O 110. NY-R-110 180. NV-H-S 250. NY-H-il 320. NY-LIi

41. NV-R-A1 Ill. NV-A-ill 181. NV-H-7 251. NV-H-iS 321. NY-'N'l

42. NV-R-42 112. NV-R-112 182. NV-H-S 252. NV-H-19 322. Nv :'

43. NV-R-43 113. NY-R-113 183. NY-H-9 253. NV-H-80 323. Nf

44. N-R-44 114. N-R-114 184. N-H-IO 254. NV-H81 324. XAnLg

45. NV-R-A5 115. NV-R-115 185. NY-H-Il 255. NV-H-82 325. NY-IHi

45. NV-A-AS 116. NY-A-116 186. NV-H-12 256. NV-H4-83 326. NV-C26

41 NV-A-Al 117. NV-R-117 187. NV-H-13 257. NV-H-84 327. NV-C27

48. NV-AS4 110. N-R-118 188. NV-H-14 258. NV-H-85 328. NV-C28

49. NV-R1-49 119. NY-A-119 189. NV-H-iS 259. NY-H-8O 329. NV-C13

50. NY-A-SD 120. NY-R-120 190. NV-H-IS 260. NV-N-87 330. NY-C14

51. NY-R-51 121 . NV-R-121 191. NV-H-li 261. NV-H-55 331. NV-C15

52. NY-fI-52 122. NY-R-122 192. NV-N-IS 252. NY-N-89 332. NY-CdO

55. NV-R-55 124. NV-R-124 194. NV-K-21 255. NY-H-91 335. NY-CIO
53. NV-R-55 123. NV-R-123 193. NY-H-21 263. NV-N-90 333. NV-CIT
54. NV-R-54 124 . NV-R-124 196. NV-H-20  264. NV-H-93 334. NY-CIS

56. NY-A-57 127. NV-R-126 190. NV-H-22 287. NV-H-94 337. NV-C21

58. NY-R-57 127. NV-R-127 197. NV-H-23 287. NV-11-95 337. NV-C22

59. NV-R-59 125. NY-R-129 199. NV-H-24 285. NV-lF-98 338. NV-C22
59. NY-R-59 129. NV-R-129 199. NV-H-25 289. NV-1N-97 349. NV-C23
61. NV-A-Si 131. NV-R-131 201.V--2 271. NV-H-98 341. NV-C2/5
52. NY-R-82 132. NV-A-132 202. NV-H-28 272. Ny-H-99 r

53. NV-R-63 133. NV-R-133 203. NV-N-30 273. NV-N-IOO
jj44 134. N-R-134 204. N--31 274. N--101
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EXPLANATION VbB

It - V-Bo

SOURCES OF POTENTIAL AGGREGATE SYMBOLS

BASIN-FILL DEPOSITS FUGRO NATIONAL FIELD STATIONS

~Basin-Fill Deposi t
Stream Channel (A1)* 0 Data point, not sampled

e Sampled and not tested
Alluvial Fan deposits (A5) • Smldadtse

' Alluvial deoisUndifferentiated ()Rack Units

,A Data point, not sampled

ROCK UNITS A Sampled and thin-sectioned

~A Sampled and tested

Ouarzite(SI)Photo Stop
F1 0 Photograph only

LiiLimestone (S2)
~EXISTING BORROW PIT OR QUARRY

Carbonate Rocks Undifferentiated (S2) U Test data available

II MATERIAL TYPE-RANKINGtn(2) Cau-B See Ranking System below

GEOLOGIC CONTACT

Basalt (I2 and/or 13) %-' Dashed where approximate

i ~W Granite (I1) .. ......._... .. .
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GEOLOGIC CONTACT

Basalt(12 and or D3) '.-' Dashed where approximate

Z Granite (II)

Gneiss and Associated Metamorphics (M)

Sedimentary Rocks Undifferentiated (S)

Volcanic Rocks Undifferentiated (I)

RANKING SYSTEM

A CLASS A: Potential sources of high quality aggregate not requiring the use of special cements or admixtur

nominal processing necessary to meet known requirements for concrete aggregate. Note: Additional

and case history studies needed to confirm adequacy and define exact characteristics of material.

e CLASS B: Potential sources of concrete aggregate exhibiting one or more undesireable characteristics which

of poorer quality than CLASS A aggregate. Detailed investigation would be required to accurately
aggregate suitability and probable concrete characteristics. Where possible this class of material
divided into subunits a1aand B2 Materials classified as B! are considered to be generally adequai

concrete aggregate. B2 materal is considered to be probably suitable but has several characteris

which may make it marginal for use as a concrete aggregate.

C CLASS C: Material considered undesireable for use as concrete aggregate.

*Reference Appendix G for 
explanation and comparison.
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I Explanation

The following notes are intended to serve as an aid in the use

of Tables Al and A2.

Table Al

Note 1 Multiple entries under a field station number indicate
that data were collected on more than one potential
source of concrete aggregate at that field station.

Note 2 Seive analyses reported for potential sources of
crushed rock represent the size distribution of the
sample following crushing to prepare the material for
the L.A. abrasion test.

Note 3 Symbols used for designating the material type of
basin-fill deposits are in accordance with the Unified

* Soil Classification System.

Note 4 Field stations at which only a photograph of represent-
ative materials was made are designated as photo stops
in Appendix Al.

Table A2

Note 1 Much of the test data obtained from existing sources of
information was not originally intended to determine
the suitability of the material for use as concrete
aggregate. Those test results which were applicable to
concrete aggregate are shown.

Note 2 Test results from existing sources of information re-
ported in Table A2 for the soundness loss of aggregate
were determined using a sodium-sulfate saturated solu-
tion unless otherwise noted. Soundness loss deter-
minations reported in Table Al were obtained using a
magnesium-sulfate saturated solution which provides a
more-severe test.

Note 3 Where existing test data were reported separately for
the coarse (+#4 sieve) and fine (-#4 sieve) fractions
of a sample, a C for coarse of an F for fine precedes
the appropriate data column.

Note 4 Limited quantities of suitable aggregate may be found
locally within Class C basin-fill deposits. While
these materials are not present in sufficiently large
volumes to meet the needs of the MX system, they may
prove adequate as a source of special purpose aggre-
gate. Where available, representative test data for
these deposits have been included in Table A2.

"fGRG NATIONAL. INO



FN-TR-2 00

GRAVEL SAND

COARE FNE I1IRE ME IU1 FI~ 1SILT OR CLAYJ

1STANDARD SIEVE OPIENING ,I US STANDARD SIEVE NUMBER HYDROMETER
r 1%m 3/4' 3/8' 4 10 20 40 00 100 200

togi I : I ! 1 1 ! I . 1 1 1 1 i
T

I .

'a

40*
_2

50.0 10.0 5.0 1.0 0.5 0.1 .05 .01 .005 .001

GRAIN SIZE IN MILL IMETER

F IELD OI

SYMBOL STAT ION UNIT TYPE
NO. _ TYP

- NM-I Asf G P

-- NM-7 Asf GP

II GRAIN SIZE CURVES
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FNT.I2

ATiNT TEST DATA

MATER SIEVE ANALYSIS
6 LOCATION UNIT TYP F ASSINGm

04 08 *# S 115 =30 1'200 _

1 Grande valley Asf SP 76 66 48 39 35 33 27 1 8

NM Ric
2 Grande valley Asf SP-GP - - - - - B

Nm Rio
3 IPuerco Valley ____

NM Rio
4 IPuerco valley- - - - - - - - -

NM Rio
5 1Grande Valley Asf SP-GP/C-.....- B

NM Rio
6M Grande valley Asf GP-SP A

NN Rio
7 Grande Valley Asf Sp-cp 68 57 37. 27 24 23 7.0 0 B

NM Los9 8 Pinos Mtns schist~~- - - - - - -

NM SanA
9 Andres Mtns Qtz Quartzi...- - - - - - -

NM Lou
1 0 Pinos Mtns Au - C

NM jornado
11 Del Muerto Vb Basalt. - B

NM Arroyo do laB
12 Matanza Au 'SP GG- . .- .. . .

NN Arroyo do la
13 Matanza vu aggloL...- -- - - - - -

NX
L14 Water Canyon Au SC -L i

FIELD STATION AND SUPPLEMENARY
TEST DATA - PAGE 1 OF 10

NEW NER ICO-TEXAS STUDY AREA
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rnpaluw AT 10i N: Ao~ L.s I



= FIELD OBSERVATION - ESTIMATED VALUES

OATO UNT MATERIAL dDLOCATION UNIT ELETERIOUS MATERIAL - I.
TPE -

R N Rio Trace seoriacecus volcanics,
_ _ _U _ ___ _ - -

S Grande Valley Auf SP soft sets, trc chert 1 high yes -

NM Rio River terrace west side ho
2 Grande Valley Asf SP-GP Grande River

NM Rio Dissected terrace deposit
3 Puerco Valley (Photo stop)

WM Rio Flood plain deposit
4 Puerco Valley (Photo stop)

NM Rio Trace chert and soft sediments;
5 Grande Valley Asf SP-GP/CL interbedded clay lenses 1 1 hiqh ves

NM Rio

6 Grande Valley Asf GP-SP None 1 high no

NM Rio 25% intermediate volcanics,
7 Grande Valley Asf SP-GP trace mica and chert 1 high yes

NM Lo$
8 Pinos Mtns schist platy-soft material - low no

NM San clay-filling in fractures;

9 Andres Mtns Qtz Quartzite caliche at surface - high no

NM Los abundant schist, soft
10 Pinos Mtns Au SM platy particles 1-2 low yes

NM Jornado scoriaceous and low density mod
11 Del Muerto Vb Basalt locally; caliche at surface low yes

NM Arroyo de la NHMD pit #57150, glassy volcan- high
12 Matanza Au SP & GP ics. 20% lightweight particles mod yes

NM Arroyo do la Volcanic

13 Matanza Vu agglomerate pumice, glassy. sof. low es

*NM mod
14 Water Canyon Au SC 90% intermediate volcs, lassv ]oi ye

m



ALES LABORATORY TEST DATA

..,_ -- -- SIEVE ANALYSIS
.- - = C , PASSING

90* -9 : F~ 
1 11 -

6.2" I " !r 1' 4 08 #16 :30 #200

NP
yes .. .. low 7.4 100 91 76 66 48 39 35 33 27 1 B

3 BI

50 5 NPv s 0 95 1hich

no 40 0 -- A

yes NP, 25.0 13.7 88 82 68 57 37 27 24 23 17.0 0 B

n o --

- - -- A

NP
yes 25 10 low c

yes ---- 
B

yes 

B

yes -- 
C

low
yea 20 35 m ed -

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE I OF I0

NEW MEXICO-TEXAS STUDY AREA
PII SITING INVESTIrGATION - G

DEuRMNOT AIm FORCE SASO A-1
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FIELD OBSERVATION - ESTIMATED VALUF$

MATERIAL -
TPLOCATION UNIT DELETERIOUS MATERIAL 0 = -

NM Shakespeare SC-SM 50% intermediate volcanics, hiah
15 Canyon Au GC-GM 15% agglomerate mod yes 60

HN: Magdalena
16 Mtns Vu Dacite glassy; Poorly bonded - md ye --

M soft coarse grained volcanics low
17 Bear.Mtns Au SM & GM silicic volcanics and tuff mod yes 35

NM caliche coatings at surface,
17 Bear Mtns Vb Basalt very weathered in outcrop - low no --

NM abundant silicic andis intermediate volcanics, mod
18 Bear Mtns Au GP heavy caliche 3 low yes SO

NM Magdalena 0
19 Mtns Vu Dacite glassy, biotite - high Yes --

NM abundant silicic volcanics, 020 Mulligan Wash Au GP glassy 2 high yes b5

NM Rio CL/ 80% intermediate & silicic high yes 1021 Grande Valley Asf SM - GM volcanics, clay, glassy 2 so+

NM Arroyo del Granite v. weathered in outcrop ; large
22 Puertecito gr Gneiss biotite books - mod no --

NM Arroyo del decomposed granite,
23 Iuertectio Au SM trace clay, biotite 1 low no 25

NM Rio 15% intermediate volcanics,
24 Grande Valley Asf SP-GP trace clay 1 high yes 60

NM Jornada del high
25 Muerto Vb Basalt vesicular, glassy - mod yes --

NM Rio 30% intermediate volcanics
26 Grande Valley Asf SP & SM 20% soft sediments 1 mod yes 35

N7 Rio 95% intermediate & silicic volcs
27 Grande Valley Asf GP glassy, moderate caliche coating 1 high yes I"



TED VALUES LABORATORY TEST DATA

= SIEVE ANALYSIS

..- a- PASS ING

9= , . be 2" I" 1 1 " - #4 #8 #16 =30 #200

mod yes 60 15 low B2

low low
yes 35 25 med C

ow no .-- I c

mod
low yes 10 low C

0

high yes - - B2

0
6igh yes b5 race NP B

high yes 10 10 low
50+ 50+ med __

L i no .. .. .. C

L no 25 10 low I c

NP
Lgh yes 60 5 low B

gh
yes .. .. .. 25.0 3.0 NP 100 100 66 49 27 18 B

NP

yes 35 - -0 low

.Jh Iyes .. .. NP 19.8 10.9 82 76 69 64 50 37 29 24 17 3.9

FIELD STATION AND SUPPLENENTARY
TEST DATA - PAGE 2 OF 10

NEW MEXICO-TEXAS STUDY AREA

OR S,ING INvESl IGAIOe tam
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FIELD OBSERVATION - ESTIMATED ViLUES

t MATERIAL DELETERIOUS MATERIAL -

- lOCilS OT TYPE C-3

100% intermediate & silicic
NN Mulligan voIcs., glassy, coatings 1 high yes28 Gulch Aal SM-SP-GP I'

90% silicic & intermediate
NX volcanics, trace chert highn yes
29 Nogal Canyon Au SM & SP

NM 95% silicic & intermediate

30 Nogal Canyon Au GP-GC volcanics. tr. clay. qlassv hiah yes

NM Rio 90% intermediate & silicic volcs
31 Grande Valley Asf GP-SP/SM caliche nodules, glassy 1 high yes

NN San GP/ abundant caliche coatings,
32 Andres Mtns Au qc-ri clay lenses limited anantitv 2 hiqh no

NM San abundant caliche coating,
33 Andres Mtns Psa Limestone abundat hcg2 yes -

NM San
34 Andres Mtns Au caliche coatings, chert 1 hiqh yes

NM San
35 lAndres Mtns Au GP-SP/SC abundant caliche, chert 3 high yes

NM Jornado del vesicular, possibly glassy,

3 Muerto Vb Basalt caliche at surface high yes

NM 10% soft sediments,p 37 Turtle Mtns Aal GP-GM trace chert hiah ies

NM abundant chert, siltstone high
37 Turtle Mtns Cav Limestone interbeds mod yes

NM
38 Turtle Mtns Asf GP-SP 15% chert. caliche coatings 2 high ves

NM Limestone- mod
39 Turtle Mtns Cau Dolomite abundant chert. argillaceous low yes

HK 75% intermediate and silicic
40 NeQro Creek Aal SP-SM volcanicsI. lassy I I.hi Yes

I
I
I '

! *1



OED VALUES LABORATORY TEST DATA

- __ . - - SIEVE ANALYSIS
-- - 3 Z.2. 4=," "z- PASSING.,

. I.- ca - ,
=I.- cc C2C - PSSN
, aL . . 2- I 1" I# 4 8 #16 -30 #200i

NP
kigh yes 45 10 low

high yes 45 101 NP

yes 60 10 low B

iqh I yes 40 15 NP B

iqh no 85 1 5 1,owB

iqh yes NP 33.8 15.79 89 84 7363 40 24 13 7 410 c

i igh ye 
6  I 0 N  

C

igh es 60 10 NP c

-h -- yes - -

.ch es 50 1 10 NP _ -B--

igh

B

--L- - - - - - - - - -i3

..X! ye 25 15 NP

FIELD STATION AND .SUPPLEMENTARY
TEST DATA - PAGE 3 OF 1I

NEW MEXICO-TEXAS STUDY AREA

M SITING INVESTIGAyiOh trs
DEPARTMENT Of THE AIR FORCi SASSO I A-I

ORD NATIONAL, I
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I

211TFIELD OBSERVATION - ESTIMATED VALUES

I.b.- -

;i MATERIALLOCATION UNIT DELETERIOUS MATERIAL -TYPE cc
_i_ _ _._ _ _ _ _

PM Rio View of Bluff in Santa Fe
_41 ranoe Valley Formation (photo stop)
_41 Grande Valley A _______

NM
42 Caballo Mtns gr Granite weAthPrM n -,-,- - .Q. mod

NN View of Madera and Sandia
42 Caballo Ntns Cau Limestones Formations (photo stop)

NM
43 Caballo Mtns Asf GP-SP 10% chert. caliche coatinas 1 high yes 41

NM 10% intermediate volcanics,
44 Apache Canyon Asf GP-GM tr. chert & caliche coatings - hiQh es1

NM 25% soft sediments,
45 Green Canyon Asf GP-SP trace cbert 1 high yes 41

NM Limestone & abundant chert, platy particles, high
46 Caballo Mtns Cau Shale soft shale interbeds low es -

NM Sierra de las Au 10% silicic volcs., 10% soft high
47 Uvas SP sediments I mod .yes 4!

NM Sierra de las 10% silicic volcs, 10% soft high
48 Uvas Au SM-SC sediments, caliche coatings 1 mod yes 3!

NM 40% silicic & intermediate volca high
49 Rincon Arroyo Asf SP 10% soft seds,trace chert, clay 1 mod yes 3!

NM 15% silicic and intermediate
49 Rincon Arroyo Asf SP volcanics, 10% chert 1 high yes

NM Rio 35% intermediate-silicic vol- high
50 Grande Valley Asf GP-SP canics,trace chert 1 mod yes S!

NM Tularosa caliche coatings,
51 Valley Au GP-SP trace chert 1 high Ives1 41

NM Tularosa existing pit on WSMR
52 Valley Au I (photo stop) -

I



:TED VALUES LABORATORY TEST DATA

_ - _ -SIEVE ANALYSIS

7 S 2"PASSING -

..CL. 2" #4 #8 #16 =30 #200 

-no - -.. B2

NP
hiqh yes 40 10 low B

hiah yes 55_0_ Iw_

bigh yes 40 5 NP

high
low yes ----- I

high
o v yes 45 5 NP , -

gh NP
Io_ yes 35 15 low B

hgh
____ yes 35 10 NP -

gh yes 5 0 NP B

gh
__ yes 55 5 up -

9Qh yes 40 10 NP I -

FIELD STATION AND SUPPLEBENTARY

TEST DATA - PAGE 4 OF I0
NEW MEXICO-TEXAS STUDY AREA

vi SITING INVESTIGATION taI
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I FIN-TU-2g

I FIELD OBSERVATION - ESTIMATED VALUES

mT~.J t- _ _

LOCATIN UNIT ThI DELETERIOUS MATERIAL LE
TYPE

-a _j cc

M San 10% soft seds, abundant caliche, 2 high yes 35
53 Andres Mtns Au 5p-..q trace chert

NM San
53 Andres Mns Au SH 5% soft sodiments, trace q.hert I j hiqh yes 40

NM San Granite and high
54 Andres Mtns gr diabase dike soft diabasic material low no

NM San Limestone View of contact exposed in
55 Andres tns gr Granite mountain front (photo ston)

NM San mod
56 Andres Mtns Au SH *soft particles 1 low no 35

NM San mod
56 Andres Mtns Au SP-Sw 20% soft particles , trace chert - low no 35

NM 10% soft seds, 5% chert high
57 Tularosa Basin Au SP 10% soft intrusives - mod yes 55

NM San 25% soft sediments, 51 chert, high
58 Andres Mtns Au GP Fe oxides in sediments .2 mod yes 75

NM San 45% soft material, 5% chert, mod
59 Andres Mtns Au SM caliche coatings 1 high yes 35

NM San 10% soft particles, trace chert, 1 mod
60 Andres Mtns Au SP-SM abundant caliche locally 3 high yes 45

INM 10% soft particles, trace chert, 1 mod
61 Deadman Canyon Au __.. ___abundant caliche locally 3 high yes 45

NI 25% sedimentary particles, high
62 Deadman Canyon Au SP trace chert. - mod -yes 50

NM v. weathered in outcrop low
63 DeadMan Canyo Cau Metasediment platy particles, chlorite - mod yes --

NM Argillaceous soft, friable, high percent
64 Deadman Canyon Cau Sandstone mica and platy minerals - v no

IJ
IT



ED VALUES LABORATORY TEST DATA

-~ z : :SIEVE ANALYSISMi -
z_ C2 PASSING

C.2i

high yes 35 15 NP
low I

NP

,h yes 40 15 low B

gh
-no I - -2

no 35 1 15 low a

no 35 5 NP

gh NP
_ yes 55 5 low - B

gh NP
yes 75 5 low B

gh yes 35 15 1low

NP
*h yes 45 10 low B

NP
h yes 45 10 low B

gh
yes 50 10 NP

yes

noC

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 5 OF 1,

NEW MEXICO-TEXAS STUT AREA

"I SITING IUVIESTIICA~iAO TAstL
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FN-Ta.4g

FIELD OBSERVATION - ESTIMATED VALUES
2--

MATERIAL
LOCATION UNIT DELETERIOUS MATERIAL - - WT P E C c c

Mhigh
65 Rhodes Canyon Au SP-SM trace chert, 10% soft material 2 mod yes 40

HKl high
66 Rhodes Canyon Au SP 10% soft material, trace chert - mAod _y 4

N Quartz
67 organ Mtns gr Monznonite weathered in outcrop, biotite - mod no

HM Tortugas SP-GP 75% intermediate-silicic
68 Arroyo Asf SM-GM volcanics, glassy, caliche 1 high yes 45

NM Rio caliche at surface,
69 Grande Valley Ph Limestone trace chert - high yes --

WM 100% intermediate a silicic high
70 Dona Ana Mtns Au SM volcanics, glassy - low yes 20

NM 100% intermediate & silicic
71 Dona Ana Mtns Asf GM volcanics, caliche coatings 2 high yes 60

NM Rio 80% silicicvolcanics, high
72 Grande Valley Asf GP-SP trace chert, soft particles 2 mod yes 45

NM Rio 65% intermediate volcanics,

73 Grande Valley Asf SP-GP caliche coatings 2 high yes 35

HN Rio 20% intermediate volcanics,
74 Grande Valley Asf SM caliche coatings 1 hiqh yes 4

NN
75 Caballo Mtne Asf SM caliche coatings, 15% chert 2 hiqh yes 30

NM Rio caliche coatings, high
76 Grande Valley Asf SP-GP trace silicic volcanics 2 1mod Xs 45

NN caliche at surface, high
77 Black Mesa Vb Basalt possible glass - mod no --

M Rio 85% intermediate a silicic
78 Grands Valley Asf SP-SW volcanics . chert 1 hihI yes 30I!



TED VALUES LABORATORY TEST DATA

___-- -- SIEVE ANALYSIS
- _ - - -

CISu

- ". &' -= PASSING, 
-

,. 2" IC" 4 " 4 #8 #16 :30 #200 2

high
Mod yes 40 10 NP B

igh-igh 10 NP 
B

mod no B2

high yes 45 5 NP B

high yes BI

low yes 20 15 low B

high yes 60 15 low B

high
nod yes 45 5 NP

high yes 35 5 NP

high yes 40 20 low B

_iqh ves 30 30 B

high NP
--_d yes 45 10 low B

high
mod no

h yex 30 5 NP

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 6 OF 10

NEW MEXICO-TEXAS STUDY AREA
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FIELD OBSERVATION - ESTIMATED VALUES

KATERIAL
LOCATION UNIT TIP DELETERIOUS MATERIAL _ _ -

u.j-

NM Rio Grande possibly glassy, weathered feld- high
79 Valley Vu Andesite spars; limited quantity I mod ves

NDolmite
80 Franklin Mtns Cau Limestone abundant caliche at surface high

NM 45% argillaceous limestone, mod
81 Franklin Mtns Au GM-ML trace chert 2 high yes 35

NI 10% chert, 5% soft sediments, high
81 Franklin Mtns Au L.P-S caliche coatings mod  yes 45

NM SP-SM/ 10% soft sediments, trace chert, 75
82 Franklin Mtns Au CL-ML clay layers 2 hiah yes

NM 5% soft sediments,
83 Franklin Mtns Au GP & SM trace chert - high eC.s_ 60

NM Rio Grande 70% silicic & intermediate
84 Valley Au GP-SP volcs, 10% chert 1 hih yes 55

NM 85% silicic volcanics, 5% soft
85 Franklin Mtns Au SM sediments, glassy 1 hih es 40

NM Metamorphica
86 Franklin Mtns Exposed in Highway Cut

(photo stop)

NM Hueco Mtns
87 (Texas) Ph Limestone caliche at surface, trace chert - high yes --

NM Hueco Mtns abundant caliche,
88 (Texas) Aaf SM high % fines, trace chert 3 high yes 4j

HN View of Jarilla Mtns.
89 Jarilla Mtn* Ph (photo stoP)

ISM
90 Jarilla Mtns Ph Limestone caliche at surface, chert - high ... -

NK sulfides, platy & elongate
91 Jarilla MtnI Au SM particles, soft material 1 mod yes

I -



ATED VALUES LABORATORY TEST DATA

u,

- =.-- - SIEVE ANALYSIS

C,

.- -&,, " 'ASSIND _

= . - a. -- Ftw 2" 1," I " " #4 #8 #16 :30 #200 Z

high
mod e __ 17.6 3.0 B--

igh ye B

mod
high yes 35 25 low B

high
mod yes 45 10 NP-B

75 5 NPhigh yes I ew

NP
hiah vas 60 10 low B

high yes 55 5 NP -

high yes 40 10 NP B

B

high yes -1

high yes 40 30 NP C

high_ . ----

NP C
yes 0 15 low

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 7 OF 10
NEW MEXICO-TEXAS STUDY AREA
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FM-TI-I0

FIELD OBSERVATION - ESTIMATED VALUES

SNATERIAL = . -

LKATIN UNIT TE DELETERIOUS MATERIAL - -

we Limestone soft to med. hard particles, mod
92 jarilla tns Cau Siltstone flaggy to shaley particles - low no

Im Limestone
93 Jarilla Mtns Cau Quarry Active quarry (photo stop)

M Sacre en to 5% soft seds, flat & elongate
94 Hn s. Au GP-SP particles caliche, dolomite 1 hiQh yes 50

MN Sacrewento 10% soft sediments, dolomite
94 Ntns Au GP-GM caliche coatings - high ves 55

R Sacremanto caliche coatings, lenses of
95 Htna Au GP-SP-RM fines, dolomite I high yes 50

HK Sacramento Dolomite
95 Ntns Psa Limestone Caliche at surface, dolomite - high yes --

. SacrInto
95 Htns Au GP-SP Caliche coatings, dolomite 2 high yes 55 j

MR Sacrento Dolomite
96 Front Ph Limestone caliche at surface, dolomite - high yg s --

NN Tularosa yes
97 Basin Au SP-SM abundant caliche, dolomite 2 high no 40
NM Sacremento 10% intermediate VolICdL@
98 Mtni Aaf rP-r-m 5% soft seds., caliche catings - high yes 65 1

nk Sacremento 10% soft sediments, dolomite yes
99 tns Aal 'p . RM layers of silt, limited quantity 1 high no 70

of Sacremento Dolomite thin beds of argillaceous yei i
100 Htns Psa Limestone material - caliche at surface - high no --

n Sacremento Dolomite caliche at surface, argillaceous mod yes
101 Btas Py Limestone- material high --

IN Sacrmento trace chert, argillaceous zones,
102 Htas Cau Limestone d6l*,tA high yes

a ...-



1TED VALUES LABORATORY TEST DATA

,- _ -- - SIEVE ANALYSIS

z PASSING

S, C ', ... 2" ! " I" 3" " #4 #8 #16 =30 #200 C

modc
low no .

NP
hich Iyvp 50 5 lowB

high ve 55 in NP B

high yes 50 5 NP B

high yes .... B

high yes 55 5 NP - B

high Vas . --.---- 24.8 1.15 NP 100 100 71 51 26 14 B,

yes NP
high no 40 10 low B

high yes 65 10 NP B

yes
high no 70 15 NP B

yes

high no B

hiah es -

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 8 OF 10
NEW MEXICO-TEXAS STUDY AREA

MR SITING INVESTIGATIONe lISLE1-
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FN-T"-I

= FIELD OBSERVATION - ESTIMATED VALUES

"J MATERIAL
V LOCATION UNIT DELETERIOUS MATERIAL1 TYPE DS

NM Tularosa 10% soft sediments,
103 Basin Aaf GP-SP tr. chert, caliche coatings 1 high yes 55

NM Tularosa (photo stop)
104 Basin Aaf active aggregate operation

NM Sacremento GP-GC/
105 Mtns Au SM-SC clay, caliche coatings, dolomite 1 high yes 60

NM Sacremento GP-GM 20% soft sediments, high
106 Mtns Au SP-SM/ML clay, caliche coatings 1 mod no 20

NM Tularosa 20% intermediate volcanics, high
107 Basin Au GP-SP qlassy. 10% soft material I L mod vesi 60

NM Tularosa 15% intermediate volcs., glassy, high
107 Basin Au GP 10% soft raterial. caliche 1.mod ves. e0

NM Tularosa 15% intermediate volcanics, high
108 Basin Au SP-SM 5% soft sedimeits 2 mod yes- 35

NM Sierra- 100% intermediate-silicic volcs,
log Blanca Mtns -A SP-SM -oriacous materials - mod yes 40

NM Sierra 20% intermediate volcanics,
110 Blanca Mtns Au SM vesicular volcanics, glassy 1 mod yes 20

NM Tularosa 50% intermediate volcanics, mod
111 Basin Au SM sand 80% gypsum 1 ow yes 40

NM Sierra 30% soft sediments,
112 Blanca Mtns Aal SP altered volcanics, soft - mod yes 30

NX Sierra 60% soft seds, 40% intermediate mod
112 Blanca Mtns Au CL-SC volcanics, clay low yes, 20

NX Sierra 80% soft seds., 20% intermediate mod
113 Blanca Mtns Au SQ-CL volcanics, clay low Ys 30

NX Sierra 80% soft seds., 20% intermediate iI
113 Blanca Mtn I Au SP-SW volcanics low 40

*1-.



I VALUES LABORATORY TEST DATA

= - _ PASSING _

0. , .,, . 2" w fdI" " 14 #8 #16 :3 0 #200

agh yes 55 5 NP B

Qh yes 60 10 --- B

gh NP
no 20 40 low C

yesa 60 5 1 P 
B

L,., v e s 8 0 5 1 N 1r 
B

gh

gh NP
Vag- 3e 35 10Q lowI

- yes 40 10 NP B2_ yes 2 0 l wB

NP
ys120 10 1low 2

3es 0 5 NP C

~C
L -- -es 130 5 1-NP-

-- l o w

C

vewys 2 m od I

"Jrj es30 mod

L 40 tr NP -

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 9 OF 10

NEW MEXICO-TEXAS STUDY AREA
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FIELD SUSEIVATIOM ESTIMATED VALUES
= 3-

MATERIAL B-
LOCATION UNIT T P I DELETERINS *TEDIAL_

NM Tularosa1 35% soft Sediments, low
114 Basin Au SP - SW altered intrusives - m~od ye- 35

NM Quartz weathered zones,
11 CrrzoMts gr Monzonite soft to moderately hard - mod.. ~

NM Vb Basicinrsv dieliiequn ty - ha
116 Carrizo ?4tns X~ ntrusive ituiedklmtdqatt

NM moderately weathered.
117 Ancho Mtns gr Dacite mod. hard-soft zones - mod. no --

NM Au85% intermediate 'volcanics - mod v q4
118 Carrizo Mtns Au SM soft sediMents Ow~ ~ 4

NM Malapais vesicular, possibly glassy,
119 1Lava Flow Vb Basalt caliche surface - mod yes -

NM Tularosa Dolomite mod

120 Basin Psa Limestone caliche at surface, gypsm ~ - high yes -

NM4 Tularosa
121 Basin Psag Gynsum 100% evaporites - low ye

NM Sierra chart, 5% soft sediments,
122 Oscura Mtns; Au SP-SM caliche coatings 1 hiihl ve 40

NN Mockingbird ahotic
123 Gav a Limestone Caliche at surface, chat- .k~h-.~

10N San 10% soft seds G intermediate
124 Andres Mtns Au S5' 6 GP Volcanic's 1~ 1high ves. 50..

NX San View of basin fill deposits

125 Andros Mtns %u east side San Andres Mtns. (ahato stoo)

HK SanViev of basin deposits

126 Andres Mtns Au and mountain front (photo stop)



MATED VALUES LABORATORY TEST DATA

_ - SIEVE ANALYSIS
- -P PASSING

. Q- . 2- I" " 4 #8 #16 :30 1200

low
miod y 35 5 -P C

mod --no . . B 2

hiah . . -

mod no -- . . B2

mod I
low vps 140 tr NP

mod yes -- . . B2

mod
high yes -- B 1

low yes-

hiqh yes 40 10 NP 26.6 2.23 13 I00 100 73 54 6 13B

B
hioh v -- -- -- 21-n -41 MP 1002 i10 6& 1-

high yes So I l MP I

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 10 OF 10
NEW MEXICO-,TEXAS STUDY AREA
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FN-T R-2 00 I GRAVEL SAND ITO U

ISTANDARD SIEVE OPENING US STANDARD SIEVE J4UNBEI HIIORCIIETER

? 1%0 3/4' 3/8* 4 10 20 40 so 100 200

I-70

30- I II

.11 10 .0T .I

GRAIN SIZE IN MILLIMETER

FIELD SOIL

SYMBOL STAT ION UNIT TP

NM-27 Af G

GRAIN SIZE CURVES
NEW MEXICO-TEXAS STUDY AREA

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE - SAMSO A-2
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NNN

I

0920 NMD ManzanoMtns. QtZ quartzite 19.2 1 3.8
, .

HK I

6529 NMHD El Cerro de Los Lunas Vu dacite 21.2 7.4

5n,
5697 NMHD Rio Grande Valley Asf sand, gravel 28.8 1.1

HM
55104 NMHD Rio Grande Valley Asf sand, gravel 26.0 15.0

5456 NMHD Rio Grande Valley Asf sand, gravel 28.01 8.6
ML

UK
6053 NMHD Estancia Valley AaL gravel, limited Quantity 32.4 10.9

6445 NMHD Arroyo Chinconte Pm limestone 30.0 1.16

022 NMHD Tabet Draw Asl sand, gravel 28.8 4.8

025 NIGID Manzano Mtns Aal sand, gravel 27.6 12.2

N

0709 UNUD Priest Canvon ctmuartz ite .2.8 .8f

0705 NMHD Manzano Mtns Pm limestone 22.3 7.1

031 NMHD MNzano Mtns Aal araveL limit-.A qntjty 2a.4 2.5

I- limited quantity
73 MD Magdalena Au sand, 2ravel 24.0

57131 NM1ID Rio Grande Valley Asf sand, gravel 26.01



98 91 741

90 7959

- loo 66 27

81 72 51

54 37

100 dQ
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'a'

DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION m ..a

"- - = -

,-- = meq.- - a.

I -

57150 NM1D Six Mile Canyon Asf gravel 23.2 2.2

55127 NNN1D Rio Grande Valley Asf sand, gravel 22.8

M
5717 NM1D Rio Grande Valley Asf sand, gravel 32.0

571371 NNHD Abo Arroyo Pm limestone 19.4 1.7

57138 N00D Abo Arroyo Au soil, gravel 27.6

0756 NMHD Chupadera Mesa Aal gravel 27.2

NM
6720 WiNHD Rio Grande Valley Asf sand, gravel 22.0 9.0

N

6143 NMHD Rio Grande Valley Asf sand, gravel 26.5 2.0

HK
739 NMIHD Rio Grande Valley Asf sand, gravel 22.9 8.9

5912 NMHD Rio Grande Valley Asf sand

N
607 NMHD Jornado Del Muerto Aal sand, gravel, limited tuanUi;y 30.4 4.4

5577 NM1D Roque Ramos Canyon Asf sand, gravel 24.0

9IHD Monticello Canyon Aal sand, gravel 18.4 3.8

inL um -pI0nae Croek Asf sand, cravl 24.6 LA -

"I '" = ' a " = -~ . . . .."lr.,ia: I . .



- - 72 __ 45 32 _ _ 21 16

____931__ 85 79 ___ 67 55

100 54 ___ 22 11

84 ___ 72 61 ___ 48 32

73 58 34 20 15

79 ___ 57 47 ___ 21 ___ 3

74 ___ 66 52 ___ 33 1 22

99 95 8 1I

1001 91 BAA2Q
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I DATA SOURCE LOCATION UNIT ATENIAL DESCRIPTION 4

713 NKND Rio Grande Valley Asf sand, gravel 20.6 .10.0

U6215 1WUD Rio Grande Valley Asf sand, gravel 19.2 5.9

631 MIOD Rio Grande Valley Asf sand, gravel 17.6 3.1

632 NMHD Rio Grande Valley Asf sand, gravel 16.0 2.4

IN-
6411 NMHD Caballo Dam Asf sand, gravel 22.4 2.4I - __

6429 NMHD Rio Grande Valley Asf sand. qravel 18.8 8.5

I "
6515 NMM Rio Grande Valley As I sand. gravel 20.8 6.4INN
ial7 NMHD Sierra De Las Uvas Au sand, gravel 14.0 4.0

j5439 WMHD Rio Grande Valley Asf sand. gravel 18.4

555q IlLm Rin 4 rvnAn Vh11e___ Vu an ito21-6 0.6.

irno S an kummt m Pama An gravelIN -
5791 W=UD Rio Grande Valley Ref sand, gravel 22.0 2.1

5792 HD Rio Grande Valley Asf soil, gravel 22.4

I N
5918 DUD Rio Grane Valley J~ gravel 20.0 - -

I

i, i 
• -j



6.0 2.4 NP 78 66 49 30 4 I
2.4 2.4 NP 77 66 56 46

8.8 .5~ 7 - - 87 __68 .49 __33 126 -

0.8 6.4 NP 86 67 48 33 25

-4.0 N 85 81 66 40 t 2

A. NP I181. 1_ 58 150

1.6 NP .83 23 10 6

M.0 2.1 NP 96 61 43 39 37



pppw-

DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION c.3-- -. o -

m m

6046 NMHD Tortugas Mtn. Ph listone 18.0 0.5 - E

NM Rio Grande Valley
6425 NM4HD Mimbres River &sf sand, gravel 19.6 2.4

0519 TIE Jornado Del Muerto haf sand, ravel 20.4 4.7

NM.0520 TIPD Jornado Del Muerto h. limestone. limited 1a8ntity 25.0

NM intrusive0523. IMD Tularosa Valley gr metamorphic. 63.2 24.7

NM
0529 NMHD Tularosa Valley Aal sgvel 23.0 L 1

NM
0523 NMHD Tularosa valley Vb easalt 15.2

NM0522 NMH Joranda Del Muerto AU cee sand and Qravel 22.5 26.9

NM
Tn hn ln=a Valley V limstone 20.4

NMnfing mun Tularosa Vlle Au Iravel 23.2

NMl limited quantity0543 TMED Tularosa Valley al gravel, sand 22.4 11.8NN

S44 MD Tularosa Valley Aal sand, gravel, 18.4

NM
07 HIMD Tularosa Valley Au gravelvith abundant gypsumi 18.4 5.3

0rL MMKTularosa Valley Au sand, gravel 22.0 2.3

,J
p-,



62 149 130 1__21

100 77 30 _ 16

100 84 41 _ 28

100 59 - 2 21-I

44 30 IS 1~

100 Si 17



IFN-TE0-2 0

I" DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION to
-,m cm

____. C = w. _ C
I

0553 IMHD Tularosa Valley Py limestone 22.4

NH _

0554 NMHD Tularosa Valley Au gravel 24.0

NN
0605 NMHD San Andres Mtns. Au gravel, sand 23.0 6.4

NM
0606 NMHD San Andres Mtns Au sand, gravel 21.6 3.2

NM
5848 NN D Tularosa Valley Ph limestone 23.2

NN
0598 NMHD San Andres Mtns. Au sand, gravel 20.4 2.0

1 0601 NMHD Tularosa Valley Au silty sand, gravel 17.5

NN

0602 NMHD San Andres Mtns. Au gravel 26.4

HK
5854 NMHD Tularosa Valley Aaf gravel 24.8

I - _ _

5941 NMHD Sacramento Mtns Aaf gravel 24.0 4.4

N'
0247 HMHD Sacramento Mtns Cau limestone 26.8

HK
0"j41 DNHD Sacramento Mtns Psa limestone 26.0

HH.

I W I07n Sacramento Mtns. Py limestone 24.0

i O28 NMND Sacramento Mtns. Psa limestone 25.2I
I

I f /



LABORATORY TEST DATA

S SIEVE ANALYSIS

- - SPASSING
-m - 0: n c -

L _ . 3" 2- I" t" 3 1- #4 #8 #10 #16 #40 #50 #100 1200

24 100 52 20 10 2

100 64 35 23 5

.0 6.4 NP 76 55 3- 24 18 4

.6 3.2 NP 70 55 41 29 22 5

1.2 1 100 48 18 10

,.4 2.0 NP 87 66 43 28 21 2

r.5 10 86 73 51 31 23 4

i.4 NP 63 41 27 17 13 2

.8 NP 88 75 54 39 26 4

1.0 4.4 6 84 60 39 24

k.8 NP 100, 60 22 11 3

1.0 100 87 3 22

|.0 69 42 18 10 9 6

.2 NP - -N00 59 2S 1-- A -

EXISTING TEST DATA
PAGE 5 OF 7

NEW MEXICO-TEXAS STUDY AREA

Mi SITING INVESTIGATION &IIKI

DEPARIMWNI OF THE AIR FORCE - SAWSO I A-2
mtiO NATIONAL, 'INO.

/
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S DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION = -

028 C-D acaeno ts y imson 4. IP

0288 NMMD Sacramento Mtnxs Py] liratvel 4.04N

6405 NMH Jarilla Mtns Ph limestone (altered) 17.2 5.3 _NP

NM
0447 NMHD San Andres Mtnis. . g ranite 32.0 2.9.- NP

0450 NMHD Tularosa Vallex Au ravel 20.0 _- 4

N
0451 NWID Hueco Mtxs Ph limestone 21.2

NM
0611 NMHD Tularosa Valley Au gravel 22.j 19.6

-Otero Mesa
0434 WEND Tularosa Valley Au gravel -17.2 __

044_ NMlD Flat Too Mtn .Sr diabase 15.2 0.3

Huecm

NM

605 NMHD Hueilo Mtns Ph limestone (atrd 720.0 .

0446 NMHD Hueco Mtns Vu rhyolite limited quantity 35.2

Sierra Diabla
0310 NMMMD Platform Pea limestone 32.8 1.0

NM Sierra Diablo
0319 NMHD Platform Au sand and ravel 204.0

NM Sierra Diablo
0373 IMHD Platform _ _ _ _ __Au gravel 17.2 -

II



LABORATORY TEST DATA

'4 SIEVE ANALYSIS

AN - PASSING

in 3r 2- 1%- 1- = #4 #8 #10 #16 #40 #50 #10e #2N

.0 NP - 100 61 25 15 - 4

7.4 -NP - 52 36 24 16 13 - 7

.2 5.3 NP - 1 100 59 27 18 5

|.0 2.91 NP 100 85 32 16 B - - 1

.0 4 74 59 35 20 13 S

57 42 27 17 10 4

2.6 19.6 - NP 1 69 1 56 140 1 27 19 - 4

-.2 NP 74 46 32 22 18 6

L.2 0.3 NP 100 54 20 9 - 2

. 0 NP 66 27 _U 21,

.2 W 100 77 30 15 %

L.8 .01 -I 1 100 1 98 166 36 1 22 1 - -

-473 57 41 24 16 - S

-4 P 100 72 23 17 S

EXISTING TEST DATA
PAGE 6 OF 7

NEW MEXICO-TEXAS STUDT AREA

UN STuMN INVESIIGATI i TAKI

DEPARIWENI Of INE AI FORCE - SMI A-2
"-g NATIONAL 1CL

/2
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tcob

- DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION Co=z

c. - h = - uJam 2 c
inS

5.0 2.61
CNK 33.3

BR-i USSR Alamogordo Aaf Sand and gravel F 4.3 2.65
L3.2 2.5S

MR 21.0
BR-2 USBR Rio Grande Valley Asf Sand and gravel 5.4 2.5Q

N 
c 27.4 .3 2.5

BR-3 USBR Rio Grande Valley Asf Sand and gravel F 5.3 2.62

c 2 6.2 2.51

BR-4 USBR Jornada del Muerto Au Sand and gravel F 9 6.9 2.62

NN

BR-5 USBR Tularosa Valley Au Sand and gravel F 6.8 2.62

c 2.1 2.60

ta 16.2
BR-6 USBR Rio Grande Valley Au Sand and gravel F E1.5 2.611

c 6.7 2.61
MM 26.0I
BR-7 USBR Rio Grande Valley Asf Sand and gravel F 5.2 2.63

c L1.7 2.58
NM 26.3
BR-8 USBR Elephant Butte Asf Sand and gravel F 7.4 2.641

HK
NM-9 USBR Rio Grande Valley Asf andesite 1.72

C 27.4 1.6 2.61

BR-10 USBR Rio Grande Valley Asf Sand and gravel F 4.7 2.6

184 22 8 7.9 2.4]
BR-1l USER Rio Grande Valley Au Sand and gravel (mine tailings) 15.4 2.6

I

I
I)
! U



LABORATORY TEST DATA

a&SIEVE ANALYSIS

L.a - SEV
-S PASSING

i ~ C. .~ 2 g C.)

" I,. m. 3- 2- |m 10 #4 6 #10 #1 #40 #50 100 208

5.0 2.67 100 57 12 1

4.3 2.65 100 82 62 40 18 5 3.7
L3.2 2.55

5.4 2.56
0.3 2.53 100 65 10 1

5.3 2.62 100 94 71 17 2 1.1
S6.2 2.51 I00 87 26 30

9

6.9 2.62 98 89 75 18 3.0 2.0

6.8 2.62 98 90 80 26 4.0 1.5
2.1 2.60

2
L1.5 2.61 98 89 78 14 2. 0 I 1.3
6.7 2.61

5.2 2.63
.1.7 2.58

7.4 2.64 -3.4 68.8 - 3.7 4.3 37.2 28.7 9 ).5 8.0 5.3

1.72
1.6 2.61

4.7 2.61
7.9 2.49

5.4 2.63 -

EXISTING TEST DATA
PAGE 7 OF 7

NEW MEXICO-TEXAS STUDY AREA

DEPARTMENT OF THE AIR FORCE -SASO A-2
, JATUO,
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APPENDIX B

I ARIZONA-CALIFORNIA STUDY AREA DATA SHEETS
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FN-TR-20D

I Explanation

g The following notes are intended to serve as an aid in the use

of Tables Bi and B2.

I Table BI

Note 1 Multiple entries under a field station number indicate
that data were collected on more than one potential
source of concrete aggregate at that field station.

Note 2 Seive analyses reported for potential sources of
crushed rock represent the size distribution of the
sample following crushing to prepare the material for
the L.A. abrasion test.

Note 3 Symbols used for designating the material type of
basin-fill deposits are in accordance with the Unified

I Soil Classification System.

Note 4 Field stations at which only a photograph of represent-
ative materials was made are designated as photo stops
in Appendix Bi.

Table B2

Note 1 Much of the test data obtained from existing sources of
information was not originally intended to determine
the suitability of the material for use as concrete
acgegate. Those test results which were applicable to
concrete aggregate are shown.

Note 2 Test results from existing sources of information re-
ported in Table B2 for the soundness loss of aggregate
were determined using a sodium-sulfate saturated solu-
tion unless otherwise noted. Soundness loss deter-
minations reported in Table BI were obtained using a
magnesium-sulfate saturated solution which provides a
more-severe test.

Note 3 Where existing test data were reported separately for
the coarse (+#4 sieve) and fine (-#4 sieve) fractions
of a sample, a C for coarse of an F for fine precedes
the appropriate data column.

j Note 4 Limited quantities of suitable aggregate may be found
locally within Class C basin-fill deposits. While
these materials are not present in sufficiently large
volumes to meet the needs of the MX system, they may
prove adequate as a source of special purpose aggre-
gate. Where available, representative test data for
these deposits have been included in Table B2.

I jiGRO NASS"AL. 9"0
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F RVLSAND rSILT O CLAY
STNADSEEOEIG US STANDARD SIEVE NUMBER NYDROU[TEI

r 11 3/4' 3/8' 4 10 20 40 60 100 200

TJ1

*u 4
C001...310 0501 .9 0 05.0

IjI

SYMBIL STATIIN UNLIT E

- NO. TYPE
- AZ-12 At SP
-- AZ-33 At SP-GP

AZ-49 At SP-GP

I GRAIN SIZE CURVES
ARIZONA-CALIFORNIA STUDY AREA

I ~MX SITING INVESTIGATION I1A

DEPARTMENT OF THE AIR FORCE - SAWSO B-

Q3R *uO ATIC13COIL. IOC.
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I I GRAVEL LORESAND SILT OR CLAY
COARSE I FINE CASI MEDIUNM F IN ME ~RI[

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HDOEE

r 1%* 3/4' 3/8' 4 t0 20 40 50 100 200

to

Is

4* I=ilCII
70 

kl

I ,Ji 1N

so

g50-

50.0~~~~i 10. 58.0 .5.1 10 10 05.0

GRAIN SIZE IN MILLIMETER

F IELD SI
SYMBOL STATION UN IT si

NO. TYPE
- AZ-55 Al SI - AZ-56 AaI SW

AZ-58 Au Sw

GRAIN SIZE CURVES
ARIZONA-CALIFORNIA STUDY AREA

IMX SITING INVESTIGATIONI"CR

DEPARTMJENT OF THE AIR FORCE - SAMSO B-2

_____ ____ ____ _____ ____ __ e a NWUiromAL, UDIC0.



FN-TR-2 00

I GRAVEL SAND SITORCA

CO RE ! FINE CO R E MEDIUM I FINE_ _ _ _ _ _ _ __ _ _ _ _ _ _ _

STANDARD SIEVE OPENING gUS STANDARD SIEVE NUMBER HYDROMETER
3 13s0 3/4' 3/8* 4 16 20 46 60 106 200

I SM

GRI SZ N ILIEE

II
1IL0SI

I~ - L L__

IGRAIN SIZE CURVESIETE

SYBO SITIN INETGTO ON UNI

DARNAF-HEALIRFORCNIA STUDY AR-A

MI SITIN INVESTIATIO .. o. uC

OEPITMET OFTMEAIRFRE-S'~ 

-



FN-TR-2 00

F[GAVEL ~ SAND I SILT OR CLAY

ANADSIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER
CORE FN ORE tEIY I _______________

r 1%* 3/4" 3/8' 4 10 20 40 10 100 200

50. 10. 1. 1 0. 0. .010 05.0

GRINSZEINMLLMEE

F 0: I EL SOllL

-. AZT1 Iu SA" AZ13 AaI ISPX I

- _ -

GRAI SIECRE

GRAI SSIZN INISIATN MILLMETE

FEAIMN IF TNE ASOFREILSM -

NO. TYPE$ ~ O~L ~2

Z- 11 Au SP -



FIELD OBSERVATION - ESTIMATED VALUES

__ LOCATION UNIT lT£hIAL DELETERIOUS MATERIAL -

TYPE cm 3W--

AZ
I Aguilla Mtns Vb Basalt 40% vesicular, zeolites - high yes

AZ glassy, caliche coatings
2 1 Auilla Ntns Vu Andesite at surfaces , limited quantities mod yes

AZ 70% vesicular, zeolites, low
3 Crater Range Vb Basalt caliche coatings on talus - mod yes --

AZ Basalt & Basalt - scoriaceous, zeolites ;
4 Crater Range Vb .Andesite andesite - glassy - mod yes -

AZ 50% basalt scoriaceous basalts weathered low
4 Crater Range Talus 50% andesite and soft. caliche coatings - Iin yes'

AZ 40% vesicular, zeolites,
5 Batamote Mtns Vb Basalt caliche coatings at surface - hiah -

AZ locally scoriaceous, zeolites, high
6 Sauceda Ktns Vb Basalt caliche coatings at surface - mod .yes

AZ 50% vesicular, zeolites, mod. low

Cm - paA Mtn Vu Andesite hard, glassy, tuff interbeds - mod yes -

AZ glassy, caliche at surface tuff low
a Sauceda Ntns Vu Andesite interbeds, limited quantities - high yes -

AZ Sand 50% vesicular, zeolites,
9 Tank Mtns Vb Basalt caliche at surface - mod Yes

1-2% chert, remnant caliche
AX coatings on gravel, limited
10 Vekol tRs Aal SP-SN quantity - high yes_ 45

AZ strong caliche cementation, high
10 Vekol itns Au G*-GC soft particles, minor clay 3 mo yes 50

10 Vekol Ntns Su Limestone 1-2% chert, caliche at surface, high ys -

AZ Table 25% vesicular, zeolites, caliche
11 o tn I Vb Basalt coatings at surface - high yes -



lED VALUES LABORATORY TEST DATA

SIEVE ANALYSIS
mc

z m .PASSING m
-m - c cc m be

is u '- 2n iC" #4 #8 #16 =30 #2001

high yes .-. .-

.nod yes -.- . B 2

low
mod yes C

yes . .. . - C

low es 60 10 low c

highl
mod e Ies

low lcc
Nnod yes C

low
high yes . .. . B2

mod Is- - 8 2

NP
high yes_ 45 101w -

high
mod Iyes so 5 o-

a
high yes I

high yg

FIELD STATION AND SUPPLENENTARY
TEST DATA - PAGE I OF 15

ARIZONA-CALIFORNIA STUDY AREA
MI SITIMG INV$ES1ITIOk TI

OEpAIIMi[NT OF THE AiN rOtac - &NS BsS

....... .vown- NATI NAL in..



F*-T-20

FIELD OBSERVATION - ESTIMATED VALUES

LOCAION NIT MATERIAL -___
TYPE LOCATION UNIT DELETERIOUS MATERIAL--

__ _ _ _ _ __ __

AZ Hassayampa weathered, soft, granitic &
12 iver At SM-GM maric rocks mod - -

AZ Hassayampa 40% intermediate & silicic voics.

12 River Aal SMSP 40% mod. hard to soft granitics mod yes 10 1

AZ
13 Flat Iron Mtn Vb Basalt 25% vesicular, zeolites high yes --

AZ very weathered in outcrop,
14 Belmont Mtns gr Granite coarse grained ,low no -- -

AZ Andesite
15 Biq Horn Mtns Vu Agglomerate l ssy, poorly lithified low yes

AZ lov
16 Big Horn Mtns V4 Andesite glassy matrix - mod Yes -- -

AZ Harguahala Quartzite & thin quartzite lenses inter- low
17 Mtn. Su Sandstone bedded with sandstone and shale hich no --

AZ Harguahala moderately weathered in outcrop, high

18 Mtn. gr Granite coarse grained mod no --

AZ Sand 50% silicic & intermed. high

19 Tiger Wash Aal SP volcanics or soft granitics mod no 5

AZ 30% vesicular, zeolites,
20 Burnt Mtn Vb Basalt caliche coatings at surface high yes --

AZ Centennial 25% intermed. volcs., granitic
21 Wash Aal SP gravel mod. hard to soft mod yes 5

AZ Eagletail Basaltic
22 Mtns Vb_ Andesite 10-15% vesicular, zeolites - high L. -

AZ Eagletail Andesite
23 Mtns Vu Pornhyry soft, glassy low L ye z-

AZ Eagletail Andesite
23 Vtns Aaalomerate lassy. umce. soft low yes --

....II 1 i I ....' _ - ...



O0 VALUES LABORATORY TEST DATA
_ _ ,,-)L, ,

_ -J ~-SIEVE ANALYSIS
z - = PASSING

- _ - _,,.

d= ,. 2. ad" 0' '" # 4 #8 # 1 6 = 3 0 .2 0 0 at

__. . 8.2 NP 100 99 96 93 84 61 3.3 B

yes 10 10 NP B

bhLqh yes .. .. .. B

B

Low no 2

C
low yes .. .. ..

mod ves .. . .C

low
b igh no .. . .c

high B
mod no

highhig no 5 15 NPB

high yes -- B 2

B
!nod yes 5 NP

B
Jllich yes .. . .

C
S1 W v. - - - -

c
low yes

FIELD STATION AND SUPPLEMENTARY

TEST DATA - PAGE 2 OF 15
ARIZONA-CALIFORNIA STUDY AREA

Oi SITING INVESTIGIIOI TABL

OEPARIUENI OF IE AIR FORCI a $NSO B-1

/LffiliUW- NATIONA



0
FIELD OBSERVATION - ESTINATED VALUES

II~~ATERIAL i

"4 - LOCATION UNIT DELETERIOUS iATERIAL . - -I TYPE
C _ M

AZ Ranogras

24 Plain Vb Basalt 30% vesicular, zeolite - high yes -

AZ Little 20% vesicular, caliche

25 1.Horn Mtns. Vb Basalt coating at surface - high yes -

AZ Little Rhyolite- glassy, sulfide minerals,
26 Horn Mtns. Vu Andesite soft; limited quantity - low yes -

AZ Little scoriaceous cobbles,

26 Horn Mtns. Aal GP glassy volcanics - high yes 75

AZ
27 Palomas Mtns. Vb Basalt 10-15% vesicular, zeolites - high yes -

AZ 25% intermed. volcs., granitics
28 Gila River Aal SP-GP & sediments moderately hard high, yes 50

AZ Qtz. very weathered in outcrop, mod
29 Buckeye Hills, gr Monzonite coarse grained low no

AZ very weathered in outcrop, high
Maricopa Mtns gr Granite coarse grained low no

AZ Gila Soft, decomposed granitics,
31 River Valley Au SP-SM abundant mica low no 20

AZ Gila soft, decomposed granitic gravel
31 River Valley Au SM abundant mica 1-2 low no 30I - _ _
AZ Gila caliche cap,
32 River Valley At SP-GP 70% intermed. & basic voicanics 1-2 high yes 60

AZ Gila 55% basic and intermediate vol-
33 River Valley At SP-SM canics.-caliche coatings 2-3 high yes I

AZ 30% vesicular, zeolite high
34 Sentinel Flow Vb Basalt caiiche coatings on i onts - d yes -

AZ gravels very weathered and soft
35 Mohawk Valley Au SM-GM mica. elonaate Particles I low no 40

Only sample available from upper calichified surface.



UATED VALUES LABORATORY TEST DATA

__--SIEVE ANALYSIS

M -- a 5 PASSING

%ot .. 2- 1 1- I"0 4 #0 #16 =30 !200

hih ves - - O2

22.3 7.4 N'P 100 57 38 19 12high yes -

C
low yes - --

high yes 75 15 NP 2

high yes -- ---

high yes 50 tr. NP

mod BI low no - - 2

high y2
low no - - -

hig ye \

low no 20 110_ mp C

low C
low no 30 20 mod

B

high yes 60 tr. NP

20.3 *17.6 NP 100 96 87 80 60 45 34 26 17 29 82
high yes

high 82

low n- - - 2

low Ino 2 10 NP C
low C

low no 40 20 low

IF'IELD STATION AND SUPPLEMENTARY
TEST DATA - PACE 3 OF 15

AR IZONA-CAL IFORN IA STUDY AREA
ux siTING IMSTGATION T I

OFFARIVEN1 OF T.F AIR FORCE - SANSo B1
hiOh NAT IONA BN 0

high-fCU AL. 1_ - - - -
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FIELD ODSERVATION - ESTIMATED VALUES

= t- ,At

. LOCATION UNIT DELETERIOUS MATERIAL --
TYPE

AZ Granite very weathered in outcrop, mod9 35 Copper Mtns. gn Gneiss coarse grained .low no

AZ very weathered, decomposedg 36 Mohawk Valley Au SM w/ GM Qranitics, caliche 2 low no 3

AZ very weathered, decomposed mo

36 Mohawk Valley Aal SP w/gravel granitic qravel - low no 2

AZ. Granite very weathered in outcrop, mod

32 Copper Mtns an Gneiss coarse grained - low no

AZ Qtz. very weathered in outcrop, mod
37 1 Cooper Mtns gr Monzonite medium qraiped - low no

AZ Qtz. very weathered in outcrop, mod
38 Mohawk Mtns gr Monzonite coarse grained low no

AZ very weathered, decomposed
38 Mohawk Valley Au SM w/gravel granitics 1-2 low no 1

AZ Granitic veru weathered in outcrop, mod
3 3 Mohawk Mtns 9 p ....Gneiss medium grained - low no

AZ very weathered decomposed
39 Mohawk Valley Au SM-GM granitics 1-2 low no 4

AZ moderately weathered in outcrop, high
40 Mohawk Mtns. gn Gneiss fresh inroad cut, 20% platy - mod no

AZ weathered in outcrop, high
41 Mohawk Mtns. gr Granite coarse grained - low no

AZ very weathered decomposed gran-
42 Mohawk Mtns. Au SM-CL itics, interbedded clay horizons low

AZ
43 Aztec Hills I r Granite nohih n

AZ Canyon 20% basic and intermed. volcanics
44 Diablo Wash Aal SP-SW decomposed granitics - mod yes



NP 1100 50 30
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FIELD OBSERVATION - ESTIMATED VALUES

LOCATION UNIT TE DELETERIOUS MATERIAL - -TYPE

AZ Gila 30% basic & intermediate volcs., high
45 River Valley At sP weathered granitics. caliche _-3 . s 50

AZ Gila limited quaazity, 60% basic and
46 River Valley Aal SP intermediate volcanics - high yes 10 t

AZ Gila 55% basic & intermed. volcanics
47 River Valley At SM trace chert, caliche 2-3 high yes 40

AZ Gila 10% basic & intermed. volcanics
48 River Valley Aal SP mod. weathered granitics 1-2 mod, yes 10

AZ Gila high
49 River Valley At SP 40% basic & intermed. volcanics 1-2 mod yes

AZ
50 Wellton Mesa Su Sandstone soft - low no

AZ Lechuguilla Granite very weathered in outcrop, mod
51 Desert gn Gneiss coarse-grained - low no -

AZ Granite very weathered in outcrop, mod
52 Wellton Hills gn Gneiss medium-grained - low no

AZ
53 Raven's Butte Vb Basalt 10% vesicular, glassy - high yes -

AZ Lechuguilla very weathered, decomposed
54 Desert Aaf SM granitics 1-2 low no 1 0

AZ Lechuguilla very weathered, decomposed
54 Desert Aal SP granitics low no 30

AZ Qt. very weathered in outcrop, mod
54 Gila Mtns. gr Monzonite medium grained - low no -

AZ Lechuguilla very weathered, decomposd mod
SS Desert .al SP granitic gravel - low no

AZ Sheep granitic & metamorphic gravel, high
56 Mtn. Wash al Smoderately weathered - mod

IM



LVES LABORATORY TEST DATA

_ -'SIEVE ANALYSIS
6.t 5PASSING

a
.- 4,, C- 6 .,, 2 0 1% I" ! " 0" # 4 # O # 1 6 = 3 0 #2 0 0 cc

yes 50 5 NP 2

yes 10 tr. -

ves 40 20 low l

Yes 10 5 NP -

-es- 18.6 8.6 Ip 97 94 89 83 65 45 34 20 12 2.9

nio -v. I IIIIC

i- -no - -2

no -- -D-2

B2

B
yes - - -

NP c
no 10 20 low

no 30 tr. NP c -

no - - - 12

'O 6.4 100 97 92 87 32 2.2 B2

9.2 58 86 83 80 74 67 59 44 23 0.7 a

FIELD STATION AND SUPPLEIIENTARY
TEST DATA - PAGE 5 OF 15
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FN-TR-2l

= FIELD OBSERVATION - ESTIMATED VALUES

• -~ IaT[ -J
LOCATION UNIT DELETERIOUS MATERIAL - -

- Ca
"% TTIm

AZ Lechuguilla high
57 Desert Aaf SP & GP 25% low durability material 2-3 mod yes

AZ Colorado 50% intermed. & silisic
58 River Valley Au SP volcanics, soft particles I mod yes

AZ Chocolate Turfs, agglomerates,
59 Mtns. Vu Volcanics glassy volcanics, Photo Stop

AZ Chocolate Turfs, agglomerates,
60 Mtns. Vu Volcanics glassy volcanics, Photo Stop

AZ Chocolate very weathered in outcrop,
61 Ntns. gn Metamorphics chlorite, Photo Stop

AZ Chocolate Basaltic
62 Mtns. Vb Andesite 5% ve-icular, limited quantity high yes

AZ Picacho Coarse grained horizon overlying
63 Wash Au. fine grained horizons,Photo Stop

AZ Colorado 30% basic & intermediate volcan- high
64 River Valley Au GP & SP ics, 5% chert, caliche 2-3 mod yes 75

AZ Colorado Augen
65 River Valley gn Gneiss - high -

AZ Cargo very weathered & decomposed mod
66 Muchacho Ptns Au SM & GM granitics - low no -

AZ weathered in outcrop,
67 Ogilby Hills gr Granite medium grained . mod no

AZ Cargo
68 Muchacho Mtns gn Hornfels limited quantity - high no

AZ Cargo 50% very weathered, coarse
68 Nuchacho Ptns Aal SP & GP grained granitics, 10% schist - mod 5

AZ Chocolate Granite moderately weathered,
--69 1tns. I Gneiss coarse grained - Imod no -

*Heavy caliche this area, not considered- typical of entire deposit.

! /



VALUES LABORATORY TEST DATA

-~ - SIEVE ANALYSIS
U)e 29 _a LbPASSING_

cc C= f)

k 't"1" 1 o0 8 916 z30 #200 Z

gh
yes 27.8. 2.9 NP 100 60 381 18 11E2

- yes - - - - 16.6 NP 1100 99 199 96 93 181 165 44 129 7.21 C

h yes - - - -

___I yes 75 5 NP 
8

A

no - - -

L Ino 1 - - - - - - 2

L 1 50 1tr. wP I

L I



FN-TI-2S

FIELD OBSERVATION - ESTIMATED VALUES

SMATERIAL .
LOCATION UNIT DELETERIOUS MATERIAL

TYPE. . ___

AZ Chocolate 60% schist and phyllite
70 Mtns. Au GP & SP 30% basic & intermediate volcs. od yes 50

AZ 60% schist and phyllite high71 1 Gables Wash Aal SP 10% volcanics - mod yes 60 t
AZ Chocolate Rhyolite- glassy, locally soft rubbely highl

71 Mtns. Vu Andesite zones, limited quantity - mod yes -

AZ Chocolate
72 Mtns. Mica Schist soft, platy, mica - low -

very weathered metamorphics,
AZ Chocolate platy & elongate particles,
73 Mtns. Au SM & GM caliche 3 low 40

AZ Chocolate 30% schist and phyllite high
74 Mtns. Aal GP & SP 30% intermediate volcanics mod yes 40

AZ
75 Black Mtn. Vb Basalt 15% vesicular, zeolite high yes

AZ Chocolate
76 Mtns. Vu Volcanics Photo Stop

AZ
77 Midway Mtns. Vu Volcanics Photo Stop

AZ weathered in outcrop,
78 Midway Mtns. gn Gneiss coarse grained . o. no

AZ 35% intermed. volcanics; occas-
79 Milpitas Wash Au SP G SM sional platy & elongate particles 1 mod yes 40 -

45% intermed. & silisic volce.
AZ 55% weathered, mod. hard grani-
79 Milpitas Wash Aal SP tics a metamorphics mod yes

AZ Palo
so Verde Mtns. Vu Volcanics Photo Stop -

AZ Pebble 20% basic & intermediate volcan-
81 Terrace At Sp C Gp ice; 2-3% chert 2-3 hish. yes .. O



0l VALUES LABORATORY TEST DATA

Syes 50 tr. NP c

bnod yes 60 tr. P I I

1high v sB2

-o y, .. - - -m =.

CDBt . -- - - -

low 40 tr. -- C

hi~gh

hig yes 40 tr. NPMC

hdq yes - - - - -

bib h -e

--- --no - -- C

mod yes 40 10 NP a

.. I Np 8.9 100 97 95 92 83 73 62 49 35 1,0

FIELD STATION AND SUPPLENENTARY
TEST DATA - PAGE 7 OF 15
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FN-TO-20

FIELD OBSERVATION - ESTIMATED VALUES

LOCATION UNIT TEI DELETERIOUS MATERIAL _

I _ _ _ __ _ __ _ _- C.ID

AZ Colorado weathered granitics and
82 River valley Aal SP metamorphics - mod 45

AZ Colorado occasional platy and elongate
82 River Valley Au SM & GM particles 1-2 mod yes 30

AZ Dom mod
83 Rock Mtns. g Gneiss weathered in outcrop low

AZ Colorado
84 River Valley Au GM - SM platy and elongate particles 3 mod 50

AZ Dome Gneiss mod
85 Rock Mtns. gn Schist platy, mica, soft locally - o -Q -

AZ Dome high
86 Rock Mtns. qr Granite weathered in outcrop - mod no -

AZ Dome Quartzite & high
87 Rock Mts. Su Shale shale platy and soft - lw no

*AZ 30% basic and intermediate high
Tyson Wash Aal SP - GP volcanics ; limited quantity - mod yes 50

AZ
89 Bear Hills Vb Basalt 15% vesicular, zeolites - high yes --

AZ 40% intermediate and silisic
90 Plamosa Mtns. Aaf SP & GP volcs. 10% weathered granitic 2 rod yes 5so _

AZ
91 Plamosa Mtns. Su Metamorphic sulfide minerals - Ihigh yes -

AZ 650 vxsicular, caliche high
92 Plamosa Mtns. Vb Basalt coatings at surface mod ye -I e

AZ 50% basic & intermediate volce.
92 Poorman Wash Aal SP G GP platy & elongate Particles - hich yes 0

AZ Limestone shale, soft and platy, high
93 Plamosa Mtns. Cau Shale limited quantity I no -

I
I
I) '
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TED VALUES LABORATORY TEST DATA

-.,.., =SIEVE ANALYSIS

_~ - .j

=- cm -I. -. - - PASSING- =
cm as 2 W U

_,,, 1o.. . '" #4 0 #16 :30 #200

mod 45 5 NP B

yes 30 ]5 low 1 2

,mod B

low .. .. .

,mod 50 15 -- C

high o -- - -- - - - -

high
O no- ... .

high B
-ow no -1-- -2... .

highstod I es 50 15 NP

Ihbgh Iryes - - -.

ves 50 110 NP

high
hlah~-- te 0 t. -

FIELD STATION AND SUPPLEMENTART
TEST DATA - PAGE I OF 15
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I
FN-TO-20

I FIELD OBSERVATION - ESTIMATED VALUES

LOCATION UNIT DELETERIOUS MATERIALI TYPE

AZ 80% intermediate and silisic
94 LaPosa Plain Aal SP & SM volcanics - hi h I es

AZ Chocolate I
95 Mtns. (Ariz.) Vu Andesite glassy - mod yes

AZ 100% silisic and intermediate
95 LaPosa Plain Au SM w/ GM volcanics, many soft particles 1-2 low yes

I AZ Castle 100% silicic and intermediate

96 Dome Plain Aal SP volcanics - hiqh yes

i AZ Gila 50% intermediate and silisic
97 River Valley Au SP & GP volcanics, weathered aranitics 2 hi h .yes 9

AZ Gila weathered in outcrop, fresh at
98 River Valley gn Gneiss depths - hiah ves

AZ Gila PVNGS aggregate supply

99 River Valley Aaf SM - SP Tanner Co. Pit 1-2 hih Ino

AZ
1 100 McCoy Mtns. Phyllite soft, altered, platy - low yes

AZ 90% schist and phyllite, platy
101 McCoy Wash Aaf SM & GM & elongate particles 1 low yes

AZ Augen
102 McCoy Mtns gn Gneiss soft, altered - low yes

I AZ Colorado 30% bkzic and intermediate vol- high
103 River Valley Au GP & SP canic, 2 % platv patticles 1 mod yes

I AZ Colorado
104 River Valley Au ML unit is a clayey silt --

AZ moderately weathered granitics mod
105 McCoy Wash Au SP and metamorphics I hiqh yes

AZ occasional platy or soft
106 McCoy Wash Aal SP - GP particles - high -

* Only available samples from calichified zone, not considered typical

of entire deposit.
**Sodium Sulfate Soundness

I
I'



TED VALUES LABORATORY TEST DATA

- , PASSING =
w
-0 .- C.PSSN

wt"a- 2 1" n 1 4 8 #16 =30 P200 2

mod yes -- -- B2

low Yes 45 15j. r_ _ - -- - - - - -

.hihh yes 40 1 10

" v j. 5 *17.9 C

hiczh -.NP 36 1.0 B

~**
hich nn 35 -15 i 23.7 3.4

low yes 40 15 -- C

low yes -- - -- C

low yes --

high
mod yes 30 10 --- C

-- -- 0 mo

mod

= bih yes 35 NP 
B

hiah yes ,. 5 3P

FIELD STATION AND SUPPLEKNTART
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FIELD OBSERVATION - ESTIMATED VALUES

LtCATIU UNIT ATERIAL DELETERIOUS MATERIAL _ -J

a:. -M 01 d t

AZ Little Schist- platy and elongate particles, low-
107 Maria Htns. Phyllite soft. - mod Ies I

AZ Little
108 Maria Mtns. Su I Limestone trace chertp highly fractured - hich yes

AZ Big Gneiss- platy and elongate particles, high
109 Maria mtzs. gn Schist locally soft - mod .

AZ Mccoy
110 Wash Valley Au SP & GP mica, nlaty & elongate Particles - hiah no 55

AZ McCoy caliche cementation, Mod 3
111 Wash Valley Au GM - SC clay coatings 2 Low n j 35 .

AZ Big granitics moderately hard,
112 Maria Nts. Aal GP 10% soft particles - hiah no 70 !
AZ Big
112 Maria Xtus. Au SM Caliche cementation 2-3 mod 30

AZ Colorado ocassional soft particles, mod
113 River Valley Au SP 5% of intermediate volcanics high es I

AZ Dig very weathered in outcrop, mod
114 Maria Mtns. gr Granite coarse-qraind .low no --

JZ Big Limestone &
115 Maria Mtns. Su Dolomite thin bedded. locally vlaty hich yes -

As Colorado occasional soft,platy phyllite
116 River Valley A, SM & G particles 1.1Lhi. h 1 50

AZ Coloraft occasional platy particles,
117 Rive JaI~uX.. An SP & GH iaabnnt - hich 4

1141 R ver ValUL Au SP a GH phyllites, soft, platy particles I hsh. nes 35 1

Ax 15-20% vesicular, 4T
-I hiPPle flasI. Yb Basalt caliche coatina at surface ,- iLh .a



I VALUES LABORATORY TEST DATA

- _ - - - SIEVE ANALYSIS

m . 2" IX" I" % #4 #8 01S ;30 -200

i- _es .. .. -- CU,..a* *6 esL .. .. .. q...

._gh- 33

3
Ihno 155 5. Iu

ow no 35 25 = B2

no 70 tr. NP

NrP

30 20 low .2

.ih yes 31.a s.9 NP 99 95 90 8.7 76 _ 642_ Al -4-1 a

no ~B2
. no e -- -. -- ,- - - -B

iqh45 50 Np

.h ek 35 5 mP 112

.KhU... -- . .

FIELD STATION AND SUPPLEENTARD
TEST DATA - PAGE 11 OF 15

ARIZONA-CALIFORNIA STUDY AREA

I SITIN INVKSTIGATIIU ?11l"

OfpaRIucw1 Of TI m IR 1C - SAul. B-

___ ___ __ ___ ___ __ ___ _ago_ MT8 M



-FIELD OBSERVATION - ESTIMATED VALUES

O MATERIAL Ii I .
'4 LOCATION UNIT TYEDELETERIOUS MATERIAL= = a.

-l

TYPEd

50% intermed. 
& silisic volcs.

AZ strong caliche cementation
120 Vidal Valley Au SM occ. soft particles 2-3 mod. es 30

AZ
121 Whinle tns. I Sandstone soft - . low no

AZ very weathered in outcrop,
122 Whipple Mtns. *an Gneiss highly altered - I l w

AZ Colorado limited quantities 40% basic and
123 River valley Ku SP & GP intermediate volcanics 1 1 yes 50

I AZ very weathered in outcrop,
124 Whipple Mtns. gn Gneiss highly altered - low no --

AZ Colorado 70% basic and intermediate vol-
125 River Valley Au GP canics, caliche cementation 2 high yes 65

AZ Colorado 15% basic and intermediate vol- high
126 River Valley Au SP & GP canics, occasional soft particles - mod yes 45

AZ Colorado 25% basic and intermediate vol- high
.126 River Valley Au SM canics. 15% Phyllite and schist 1 mod ye 35

AZ 10% vesicular, caliche at
127 Black Mtn. Vb Basalt surface - high yesI

AZ 25% basic and intermediate vol- high
128 Osborne Wash Au GP & SP canics. 15% phyllite and schist 1 mod yes

AZ
129 Buckskin Mtn. Vu Andesite glassy, caliche at surface - high yes

AZ 20% basic volcanicl
130 Osborne Wash Au SP £ GP occasional platy particles 2 high yes

AZ very weathered in outcrop. Moe
131 Buckskin Mtns Metamorphic highly altered, limiteS extent low -

AZ local zones of highly altered
132 Buckskin Mtl an I Gneiss material; limited auantitv - hi h

wI!



TED VALUES LABORATORT TEST BATA

1 . ... w2 " " # 8 #6 0#O
SIEVE ANALYShi

Z' IMM

dc W2

mod. ves 30 120 low ...

w no -- e, Ies so 10 NrP~

low. n - -- --
hod. yes 30 20 low ..__

lOW no .. .. .. -

high yes 65 5 NP B

high
mod 1. yes 45 10 NP B

high
mod yes 35 15 NP _

high yes -- - -

hi~,h
mod YeS 55 5 NP B

high yes -- -2

hiah yes 40 15 --

moc
low -- -. C

FIELD STATION AND SUPPLEIENTAR "

TEST DATA - PAGE 11 OF 15
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Fl-TI-IS

FIELD ODSEiVATIO - ESTIMATED VALUES

MATERIAL iiL.

TYPE AETiaS MAIAL -

AZ highly fractured, interbedded ood
133 Buckskin Mtns Su Quartzite slates, limited quantity - high noIm
AZ 20% basic and intermediate

133 Mineral Wash Aal SP volcanics - high yes 40

AZ Granitic
- 134 Aubrey Hills gn Gneiss very weathered in outcrop - mod no

AZ Colorado 30% interned, volcs., occasional
135 River Valley Au SM GM soft particles, caliche 2 mod yes 50

AZ Colorado 70% intermediate volcanics;
136 River Valley Aal SP - SM limited quantity - high yes 25

AZ Bill
136 Williams Mtns Vu Andesite very weathered in outcrop - low yes

AZ very weathered in outcrop and low
137 Mohave Mtns. Diorite highly altered - mod yes --

AZ Colorado 20% intermediate and silisic high
138 River Valley Au GP & SP volcanics, caliche cementation 2 mod yes 45

AZ 40% intermediate volcanics,
139 Bouse Wash Aal SP occasional soft particles - high yes 15

AZ occasional elongate particles, high
139 Bouse Wash Au SP/SM occasional soft particles 2 mod no 35

AZ very weathered in outcrop, mod
140 Plomosa Mtns. gn Gneiss locally altered - low

AZ weathered in outcrop, dolomitic, mod
141 Plomosa Mtns. Su Limestone caliche at surface - high yes

AZ 90% gneiss & schist, platy and high
142 Plomosa Mtns. Au SN elongate particles I I mod no 1 301

AZ Limestone soft, thin bedded - platy
143 Plomosa Mtns. Su Siltstone I Particles -low Ito

I!



TED VALUES LAORATORT TEST SATA

ca ca- SIEVEAULTSIS

high no-.. .. ..

high yes 40 tr. -- -

mod no ---- B2

mod yes 50 15 NP -

high yes 25 IS P 

low yes .----.- C

lowmod I yes . . c

high
mod yes 45 10 NP __..24.9 - 97 96 90 83 71 57 151 46 1 ..

high yes 15 5 NP

high
mod no 35 10 NP _

mod
low --- C

mod 3
high Ives - .2

high
no 30 20 -- - - C

low no C

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 12 OF 15
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FN-TII

FIELD OBSERVATION - ESTIMATED VALUES

', - LOCATION UNIT DELETERIOUS MATERIAL _
-- !!TTP9= 1.

AZ Ranegras 40% basic and intermediate vol-
144 Plain Au SM canics, minor clay 1-2 hiah yes 35

AZ Ranegras 40% basic and intermediate vol- high
144 Plain Aal SP canics - mod yes 20

AZ Granite weathered in outcrop, soft,
145 Wash Mine. Phyllite platy & elongate particles - low yes _z

AZ Granite 90% gneiss and schist; platy and
145 Wash Mtns. Au GM & SM elongate particles, caliche 2 hich yes 45

AZ Granite 100% metamorphic, platy elongate
145 Wash Mtns. Aal SP particles s50

AZ Little weathering rind,
146 Harquahala Mt, Vb Basalt caliche development at  r hish resf

AZ Granite Qtz. mod
147 Wash Mtns. gr Monzonite weathered at surface - high no --

AZ Centennial
148 Wash Aal SP 25% basic volcanics - hiah vyes 30

AZ Harquahala Granite weathered in outcrop, mod
149 Mtns. gn Gneiss locally altered - low no

AZ Little h
* 150 Harquahala mt SuI Limestone thinly bedded; dolomitic - yes

AZ Harquahala Granite mod
151 Mtn*. n Gneis . weathered in nutrrnp A. nf low no

AZ Little Gneiss a very weathered in outcrop,
152 Harquahala Mt Schist soft . low no -

AZ mood
153 Hartuvar Mtns. n GneLU weathered in outeron , low

AZ Granite mod
154 3utler valley gr Gneiss locally weathered in outcrop . high no



1 VALUES LABORATORY TEST DATA

-- -_ SIEVE ANALYSIS

- - ca S- . _PASSING 
_

4L bo 9. L 2@ 1Vm 1" #'~ 4 #8 #16 =30 #200

chYes 35 15 low - - - - - -- - - -

ghYe 20 5 N 
B

yes 20 5- c

VLM 50 15 Np C

gh yes B

"h 30 1tr. I

Sh yes I 1 21.51 .4 NP 88 58123 13 __

no -- -- ---

d 2

FIELD STATION AND SUPPLEMENTARY
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FIELD OBSERVATION -ESTIMATED VALOES

LKteu~em NMATERIAL
LAPU DELETERIOUS MATERIAL

AZ 15% basic volcanics and mafic
155 Butler Valley Aal SP metamorphics - high yes 40

Z10% ultramafic metamorphic.,3Is Harcuvar Mtnas Aaf GP occasional soft particles 2 high 60

AZ Harquahala Granite weathered in outcrop, 1
157 gtns. gn Gneiss medium grained - mod- no

AZ8 Rhyolite
158 Vulture Xtns. Vu Tuff soft, glassy - low yos

AZ Jackrabbit 40% intermediate and silisic
159 Wash Aal SP volcanics high s yes 20

AZ high160 Vulture Htns. gr Granite moderately weathered in outcrop - od low -

AZ Granite
161 Vulture Mtns. gn Gneiss weathered - biah no

AZ
162 Black Butte Vb Basalt 10-15% vesicular 1hich "s

AZ weathered in outcrop,
163 Harcuar Ntn_ .n .nein coarse grained - .* no

AZ low
164 Congress Mtns. gr Granite weathered in outcrop - mod

AZ granitic gravel, moderately hard high
164 Congress Xtns. Aal SP to soft, limited ouantitv - I mo n

165 Weaver Ntns. r .Granite moderately weathered in outcrop - high no

3 AZ
166 Antelope Vb Basalt 50 vesicular - hih .3 --

AZ Date moderately weathered in outcrop, high
167 Creek MPts. gr Granite localized soft zones - .. a no -

I /A

Ii



TED VALUES LABORATORY TEST DATA

C2 SIEVE ANALYSIS
c m PASSING "M

93 ,-c " -.- : 2 " % w " " # 4 #B- # 16 =30 2 0 0

high yes 40 tr. NIp

-hi. h 60 10 -2

mod no . .. .. - 2

low "als . . .

high yes 20 10 mp

high
mod low -- - -

-biqb no -- - ,--B

32

mod 23high

b- - - -

high - -
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I

FIELD OUSERVATION - ESTIMATED VALUESI-
MATERIAL

LOCATION UNIT TYEDELETERIDUS MATERIAL J =
R VJ

AZ Sunflower
168 Flat Vb Basalt scoriaceous, brittle - mod yes

north Fork
AZ Santa Maria 50% basic volcanics, granitics high
169 River Aal SP moderately hard - md yes

AZ Miller
170 Mountain Schist soft, shale partings - low

AZ 30%+ vesicular, glassy, '" low
171 Bozarth Mesa Vb Basalt weatherinS rind - mod yes

AZ 70% basic and intermediate

172 Burro Creek Aal SP volcanics - high yes

70% basic and intermediate vol-
AZ canics, strong caliche cementa-
173 Burro Creek Au Fanglomerate tion. tuffaceous -" : ! yes

AZ Santa mod
174 Maria River Aal SP 85% basic to silisic volcanics - high yes

AZ
175 Date Creek Aal SP 30% basic and intermed. volcanic - high .yes-

AZ Date Rhyolite glassy,
175 Creek Mtns. Vu Porphyry low durability - low yes

AZ r a
176 Creek Mtns. Au SC clay, soft particles 1 low noIa
AZ 70% basic and intermediate mod
177 Weaver Mtns. Aal SP volcanics, soft granitics - high yes

AZ 85% basic and intermediate
177 Weaver Mtns. Au SM/ML volcanics, thick silt horizon 2 mod yes

AZ Hieroglyphic weathered in outcrop,
176 Mtns. gr Granite coarse grained mod no

AZ White very weathered in outcrop, mod
179 Tank Mtns. gn Gneiss medium grained low no

I
I
I





DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION

6569 ZHD Bckski Mtns Aaf and, ilt, rave

AZ
6273 'JZD Gucsnit Wahtn e. Aaf Siltya, graveln

AZ
659 AZIID Bukitl Hargnh. M .Aaf Sand, silte grla--

5983 AZID Granie as~uha Mt .Aaf Silt, ganesad-

5352 AZHD Litl r ruahala s. Af Sind, sand clae

A
5353 AZN Littlen Vagala NsAaf Silt, sandrk

AZI 545 AZ McMullen Valley Aal Silty clay, sand

AZ
r,~ Rq ,ZIID Halruahdo Ritver Aule Silt, sand, gravel __

AZ
&1l. I Dm~en o alleyn A Silt, sad, rock grve

! aZHDJn ullen alleyn Aaf Silt. clae sande

523L & HD Belad Riner yale L Silt, sand, gravel

AZ - - - -m

198 AZHD Dome Rock Mtns. Aal Silt, clav, sand, soael

AZ
53ISA.. Litl HOarguahai M L...a Sand, sraeclaybule

AZ
1179 AZUD Die Hatnu hl M sA Silt, sand, ral

AZ

5359 AZUD Domerockal Mtns. Aau Silt, sand, gravel, oeca

642 AM MculnVle a , lsnrc

AZ

_AULAZHQMc~ulen ally Aa Sil, cly, a



LABORATORY TEST DATA,,-
t_ SIEVE ANALYSIS

S~~t -- -- _S PASSING
M ac 3- 2- 14- 1- -4 #8 1 o16 #4- - - #1 --

3 87 49 36 19 6

NP -88 65 51 27 1

- p 81 55 36 12 3

NP 99 91 62 19 6

5 100 59 30 15

3 93 65 36

NP 75 31 12 4

NP - 1 74 55 38 16 6

4 97 81 48

NP 87 53 36 18 3

NP 92 67 49 15 4

-P - 82 22 3 1

NP 66 21 S 3

3 79 46 28 9 4

EXISTING TEST DATA
PAGE I OF I

ARIZONA-CALIFORNIA STUDY AREA
US SITING INVESTIGATION TAKs

EPARTMENT Of THE AIm FORCE -SAuSSOI B-2

010 NATINL I

S- - - t



I . -. __ ______

D UATA SOURCE LOCATION UNIT MATERIAL OESCRIPTIONI - J Z I, 4h

k AZ H5776 La Posa Plain Aal Clay, caliche. gravel

AZ
1198 ARID Plomosa Ntns Aal Silt, sand, gravel

7121 AZHD Chocolate Mtns. Aal Sand, gravel

SAZ_
6915 AZHD Gila River Valley At Silty clay, sand, gravel

IA ~Z __ __

6625 AMND Gila River Valley Aal Blow sand, some silt, clay

Az
5931 AZHD Gila River Valley Aal Silty sand, clay 

AZ
5936 AZHD Gila River Valley Au Blow sand, silty sand, clay

AZ
6618 AZHD Gila River Valley Aal Silt, sand, some avel

AZ
6183 AZHD Gila River Valley Aal Sand gravel

AZ
_5459 A=Q Castle Dome Plain Aal Clay. sand, gravel-

AZ
5455 AM Castle Dome Plain Aal Blow sand, siltt sand

IA~~Z _ _ __

1659 AZBD Castle 2M Wash Aal Silt, sand, gravel

AZ
4137 A Colorado River Valley &u. Silt. fine sand

a .AA Clorado r ver Valle A Silty sand

I
I



LABORATORY TEST SITA

4 ( SIEVE AULYSIS

14 741 1 x 3 20 3-1 13_5DI ~ uw uuu

Np 94 -35 14 3

Np - - _ 40 28 10 3

NP Sal I 56 44 19 9

NP - IL- 00 35 2S

N P - - 84 7.11 163 47 _ __ 16

- - -- 19 35 _ _ 32

- - NP - -8.5 So 76 S0 3

lip 90 63i 41 a 2

NP.93-8 176

NL LOO 0 83 __13

Np 97 -_I 47 23 3

HP - -00 __17

NP - -100 98 20

EXISTING TEST DATA
PAGE 2 OF

[AR:I UA-CALIFORNIA STUDY AREA

DIpApIVE"I ME &WINa FOOCE - sags. 1-

ALL



II*l ..Y sOURC LOCAT,,, lIT MATEIL DESC,,,TI =__.

=a. m r4 k. -

it cAZ

3 07 MD Fortuna Wash AaL Silt, sand, aravel -r-v-

Az
524 _______ Co oa.9 ivr a l....u Bini. .Jann

7165 AZHD Gila Mtns. Aaf Silt , clay, sand, gravel

AZ
222 AZHD Gila River Valley Aal Sand. gravel

AZ
226 AZHD Gila iver Valley Au Blow sand

AZ
i464 AZHD Gila River Valley Au _ Blow sand. silt, sand

AZ
230 AZHD Gila River Valley An Blow sand. silt. sand. play

AZ
6939 AZHD Gila River Valley Au Blow sand, sand, gravel

AZ
2385 AZED Mohawk Mtns. Aaf Sand, gravel, clay

AZ
478 AZmD Mohawk Mtns. Aaf Silt, sand, gravel

AZ
6623 AZED Gila River Valley Au Blow sand

AZ
6879 Gila River Aal sand, gravel-

)



98 54

99 60



WIDATA SOURCE LOCATION UNIT NATERIAL DESCRIPTION W

WI -T-

I

_________ ]k Mqn AM~AX River j S gae

AS
5608 AM San Domigo Wash Aal Gravel

AZ
6284 j=D Trilby Wash Pal Silt, sand, gravel

I___
70S5 AZRD Nada Wash Aal Silty sand, gravel

5_ __

1174 AZRD Vulture Mtns. Au Clay, caliche

AZ
_ dQB_ Har__uahala Mtns Au Silt, clay, gravel

AZ
%71 . Harauahala tns. Au Silt, sand, clay

AS
AB749. AM Sols Wash Aal Silty sand, gravel

AZ
&23a__ __m _ _ Tnoh Desert Au Sand, clay, caliche

AZ
-72-.2 nounl U4Avgjahjma llnlly An Blow sand. silty clay, sand

S-A-
7322 AZED Harguahala Valley Au Silt, sand, gravel

AZ
7327 AMD Winters Wash Aal Sand, gravel

AZ
7414 AZD Tonopah Desert Aal Silty clay, sand

AZ
5086 AD Gila River Pal Gravel, sand 23I

I
Iq



LABORATORY TEST DATA

S., SIEVE ANALYSIS

cm % PASSING

iIng a 3- 7 - 1" #4 #8 11o lie 14a #50 #1ee 12

up 99 91 68 13 4

-P - 94 55 44 25 3

80 59 50 28 6

I - - N1 91 59 35 15 3

12 75 63 44 32

- -1 

118G

6 96 1 -4L

NP -100 93 83 23 - 1

14 99 90 15 - -s

14 97 80 71 - 60 42

- -1 51. 16 1

is 94 73 -. 5 2

13 P 7S fil IF7T .1l

SEXISTING TEST DATA

PACE 4 OF I

ARIZONA-CALIFORNIA STUDY AREA

O(PARTKINI OF THE AIR FORIC - SASO

_0 ,ATi



DATA SOURCE LOCAIONIU UNIT MATERIAL DESCRIPTION a'

AZ
116781 A= White Tank lMtns. Aaf Gravel 3

AZ
5014 -AD Rainbow Valley Aal Silt, sand- - -

*AZ
5391 MUED Gila River Aal Bar gravel

AZ
57S7 1AMW Bassayanpa River Aal Clay. san, gravel- - -

AZ
7460 AZHD White Tank Mtns. Aaf Silt, clay, sand

ASI1527 AmH Rainbow Valley Aal Sand, gravel 32

AZ31503 AZED Gila River Valley Aal Sand, gravel 29

AZ
5637 AmK Sand Tank Wash Aal Sand, gravel 32 - - -

AZ
5625 AmH Bender Wash Aal Sand, gravel 32

E M _ _ _ __ _

1522 AmH Gila River Valley Mal IGravelly sand

3M _

1510 AmO Gila River Valley MAl Gravelly sand

As
5614, AmIN ffigicove Htna Ml ISilt, sansd. gravel 20-

AS
Li.AEN Sauceda. Wash A&f San. gravel -2-

AsZj~j 2



60 54

100 95

73 61

47

50

t 
146

49

.55

1- 1 1701



I FN-T131

DATA SOURCE LOCATION UNIT NATERIAL DESCRIPT ION =

-____ - - -- I

607 AZHD Gila River Valley Au Blow sand, silt, sand, gravel

5873 A2ND Sauceda Mtns. al Gravel 23 -

6078 AZHD Sauceda Mtns. Aal Sand, grave1 26 -

* AZ_ _ ___ __

6066 AZHQ Sentenal Plain Au Blow sand, sand, silt

5 874 A I Saucefa Wash hal Gravel 25

5559 3 Vekol Wash &_ Sand. ravel 26

AZ
3 A~l Vlsev Wash AMl Silt. clay, decomposed aranite

AZ
674 AZ Peeples Valley Au Clay. decomposed granite

AZ
I Aria 1_M _ Skull Valley .A . Clav. sand, gravel -

AZ
5742 AZHD Skull Valley Au Silt, sand, decomposed granite

51 A__D Thmpsons valley Au clay, sand, gravel, caliche

~AZ _ ___

441 1 Gray Bak ts a Clay, granite sand

516B AZED Gray Back tns Au Decomposed granite, clay

Ae

f ,e



LABORATORY TEST DATA

-- _ SIEVE ANALYSIS

I i , S PASSING
o a. 3 1 1 #10 01S 040 #50 Iee 111

- 100 98 88 41 8

- 86 51 78 19 8

NP 93 66 54 29 11

5 100 96 81 34

NP 84 47 39 23 9

Np 92 53 41 16 5

9 99 80 44 16 7

13 92 so 27 11 6

28 90 17 60 25

- 91 76 64 30 12

22 88 70 52 29 18

34 99 86 55 24 12

- 93 58 25 9 6

- 74 52 36 10 -

EXISTING TEST DATA
PAGE I Of I

ARIZONA-CALIFORNIA STUDY AREA

O5PIITIAINI Of I AIR FOiCE - SAN" 3-2
L-i'w2_A.MM LI



F-TmrO-

DATA SUCE LOCATION UIT MATERIAL DESCRIPTIE N

5702 A Hackberry Wash Au clay, silt, sand, gravel

77JAME Kirkland Valley Au clay, sand, gravel

9 AZ Harcouvar Mtns Aal Silt, sand, gravel

008AHD Martin Creek alit, clay, sand, gravel

AZ Siltyloam, caliche,

5048 AMH Weaver Mtns. Aal decomposed granite

AZ Sand, gravel, 44

5280 AMI Date Creek AMl decomposed volcanics

AZ
6524 AZM Martinez Creek Aal. Clay, silt, sand, gravel

AZ
675 AM Pebbles Valley Au Clay, sand, gravel

AZ

7870 AZ=D Antelope Creek Aal silt, sand, 19

64741 AM Table Top Mtns Aal Silty clay, gravel

AZI
6145 AM Table Top Mtns. An Silt, sand, gravel

AZ _

6249 AMI Cruz Wash Au slow sand, silty clay, sand

AZ
315 .......AM .... I. Rio Cornez Wash A&l Sand, gravel- - -

JAE I D Little AlO ,tn Ml ISand, ravel 31

...



LWORATORY TEST DATA

SIEVE ANALYSIS

t - S PASSING

M __ 3- 2- 1 I " #4 f8 110 116 040 #58 #100 1211

27 98 82 67 26 5

4 97 87 69 26 7

9 100 64 52 29 12

24 100 97 84 59 41

14 89 77 59 31 15

29 99 90 67 12 2

12 91 83 70 31 12

37 87 68 47 18 9

3 54 37 27 12 3

26 82 54 33 17 11

NP 82 53 36 15 4

7 99 74 2S

NP 65 7

N)P 86 49 38 15 4

EXISTING TEST DATA
PAGE 7 OF I

ARIZONA-CALIFORNIA STUDY AREA

us SITING INVESTIGATION I TAE
OEPARTUENT OF IME All FOtRC - SAS 1 8-2

Hisao I ATIONALUIWO.

ItI



I __

I. 0

IDATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION V

I . .' J s . l.

AZ
1320 AZID PozoRedondo Mtns. Aal SAnd, gravel

AZ
1314 AZHD ouiiotoa Valley Aal Sand, gravel

I

I- -

1

I)
Ia



1V k" ," " #4 #e #10 is

98 78 54

92 66 49
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FN-TR-20D

U Explanation

The following notes are intended to serve as an aid in the use

of Tables C1 and C2.

9 Table C1

Note I Multiple entries under a field station number indicate
that data were collected on more than one potential
source of concrete aggregate at that field station.

Note 2 Seive analyses reported for potential sources of
crushed rock represent the size distribution of the
sample following crushing to prepare the material for
the L.A. abrasion test.

Note 3 Symbols used for designating the material type of
basin-fill deposits are in accordance with the Unified
Soil Classification System.

Note 4 Field stations at which only a photograph of represent-
ative materials was made are designated as photo stops
in Appendix C1.

Note 5 Fugro National field station numbers preceded by an R
were established during the ground reconnaissance of
NCSA; those preceded by an H were established during
the aerial reconnaissance.

Table C2

Note 1 Much of the test data obtained from existing sources of
information was not originally intended to determine
the suitability of the material for use as concrete
aggregate. Those test results which were applicable to
concrete aggregate are shown.

Note 2 Test results from existing sources of information re-
ported in Table B2 for the soundness loss of aggregate
were determined using a sodium-sulfate saturated solu-
tion unless otherwise noted. Soundness loss deter-
minations reported in Table C1 were obtained using a
magnesium-sulfate saturated solution which provides a
more-severe test.

Note 3 Where existing test data were reported separately for
the coarse (+4 sieve) and fine (-#4 sieve) fractions
of a sample, a C for coarse of an F for fine precedes
the appropriate data column.

Note 4 Limited quantities of suitable aggregate may be found
locally within Class C basin-fill deposits. While
these materials are not present in sufficiently large
volumes to meet the needs of the MX system, they may
prove adequate as a source of special purpose aggre-
ate. Where available, representative test data for
hese deposits have been included in Table C2.

fJ 50 NATOUNAL, INS,



FN-TR-2 00

CO RE FINE fIOARSEr MED I UM FINES L O U

FSTANDARD SIEVE OPENINGtI US STANDARD SIEVE NUMBER HYDROMETER

lo~_ 1*3/4' 3/8* 4 10 20 40 00 100 200

_ _
so

so

LU

.C.

L 0 .
50.0 10.0 5.0 1.6 0.5 0.1 Ii5 .61 .0d5 .001

IGRAIN SIZE IN MILLIMETER

F IELD SOIL
SYMBOL STATION UN IT

- NO. TYPE

- NY-R-16 Au GW
-~ NV-R-1 9 Au GP

NV-R-33 Au GP-GM

E0 NATIONAL, INC.



I N-T R-2 00

GRAVEL SAND SILT OR CLAT

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER MYDROMIETER

r IVh 3/4' 3/8' 4 10 20 40 80 100 200

go
so-PI

70

GRI SIZ IN MILLMETE

40-R-0 Au 6
- A.16

COL.--7 af 6

Ia.

-. -- -- - - -- -



I N-TR-2 00

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYTDROMETER

to r % 3/4' 3/8* 4 _t0 20 40 50 100 200

I L I

30

I

50.0 10.0 5.0 1.0 0.5 0.1 .05 .01 .005 .001
GRAIN SIZE IN MILLIMETER

SYMBOL STATION UNIT TP

- NV-R-80 AafI GW
-- NV-R-95 Au _W

NY-R-104 Au GP-GM

GRAIN SIZE CURVES
NEVADA-CALIFORNIA STUDY AREA

MSITING INVESTIGATION FI60;'
DEPARTMENT OF THE AIR FORCE - SAUSO c J

ji9WO NATIONAL, INC.



FN-T R-2 00

GRAVEL SAND TSILT OR CLAYj
COARSE I FINE COARSE7 MEDIUM J_ FINE ________________

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

35 15I 3/4' 3/S* 4 10 20 40 80 100 200

go -IN 
*

70

50 FIEL SOIL

IYR-2 Aa

- -4V--20AI G

NVR12 u PG

______________ _____________ a 4 7 af4A .I

10 1 1



FII-TR-2 00

GRAVEL - -ESAND rSILT OR CLAY
COARSE I FINE COAR- sE BEDum FI 9

SANDARD SIEVE OPENINGI US STANUARO SIEVE NUMER NVIIOETEI

10 r~ 3/4' 3/8* 4 10 20 40 00 100 200

go

fi t

ca

ff

0L It

50. 10.0 5.0 1.0 0.5 0.1 .05 .01 .005 .001

GRAIN SIZE IN MILLIMETER

FIELD SOIL
SYMBOL STATION UNIT TP

- NV-R-130 Au SP
-- NY-R-133 Au GP

NY-R-1 58 Aaf GW

GRAIN SIZE CURVES
NEVADA-CALIFORNIA STUDY AREA

MX SITING INVESTIGATION !I&Uft

DEPARTMENT OF THE AIR FCRCE - SAMSO C-5

I flj URO 04ATUDML, INC.



I FNi-T R-200O

CORE FN ORE IEIN FNGRAVEL fSAND rSILT OR CLIV

ISTANDARD SIEVE OPENING US STANDARD SIEVE NUMBER VOTEI 3 1%" 3/4' 3/8' 4 10 20 40 00 100 200

_T 1 1
B9

II

Lai 40 >
C.3

0
50.0 10.0 5.0 1.0 0.5 0.1 .05 .01 .005 .001

GRAIN SIZE IN MILLIMETER

SYMBOL STATION UNIT TP

NV-H-25 Aatf GP

GRAIN SIZE CURVES
NEVADA-CALIFORNIA STUDY AREA

MX SITING INVESTIGATION riSult

GEPARIMENT OF THE AIR FORCE - SAMSO IC-6



I GRAVEL SAND ISILT OR CLAY
COARSE IFINE C OARSEI MED I UN FINE ________________

STANDARD S IEVE OPENIN US STANDARD SIEVE NUMBER HYDROMETER

9 ? tli4* 3/4 3/8* to1 20 40 80 100 200

I

I
so f 1 1

70

0 1 F0 A

g4o-

30 I.7 r I

-HH12 u S

GRAIGRAN SIZE CURVESIETE

Mt SII IEGTO CURVES

DEPARTMENT OF THE AIR FORCE - SAMSOIC-

OIRO NATION AL. INC.



FM-Ti-23

FIELD OBSERVATION - ESTINATED VALUES

LOCATION UNIT TE DELETERIOUS MATERIAL c - -

NV 2% chert,

R-1 Frenchman Mtn Aal GP-SP occasional soft Particles 0-1 high Yes 60

NV
R-1 !Frenchman Mtn qn gneiss mica in gneissic bandings - mod NO

NVR-2 Frenchman Mtn Au SM-GM 10% chert and soft particles 1-2 high Yes 30

V
R-3 Frenchman Mtn Cau Limestone 5-30% chert - hiah Yes -

MV 3% chert, some soft particles;
R-4 Frenchman Mtn Au SM caliche coating 2-3 high Yes 35

NV Las Vegas 1% chert; heavy caliche coating
R-5 Valley Au GP-SP and cementation 2 _hqh Yes 60

NV Las Vegas
R-6  Valley Au GP-SP 3% chert; caliche coating 1-2 hiah Yes

NV Las Vegas
R-6 Valley Aaj p-ap 3-5% chert; caliche coating - high Yes 43

NV Arrow Canyon
R-7 Range Cau Limestone 5-10% chert - high Yes --

NV Dry Lake
R-8 Ranqe cau Limestone 10-20% chert - hiqh Yes --

NV
R-9 Muddy Mtn Cau Limestone 10-20% chert lenses and interbeds - high Yes

NV
&-10 Muddy Mtn Cau . Limestone abundant chert at intervals - hiqh Yes I --

NV 3% chert, caliche coatings
R-11 WMddy 4 Au SM-GM abndant fines 2-3 high Yes -

Kv 1% chert; 2% soft particles,
R-12 I Y Mtn .An I SP-GP sioe caliche coating 1 high es -

II



TED VALUES LABORATORY TEST DATA

-- £ SIEVE ANALYSIS

z u -PASSING

2" 1 " 1* N" #4 #6 #16 z30 #200

high Yes 60 5 NP

mod No . B2

high Yes 30 20 NP B

B

high Yes 35 15 NP 2

biah Yes 60 10 NP - 2 -

high Yes 50 10 NP B

ah Yes 45 10 NPB

high Yes B- - - B

Lah Yes I - B

Lih Yes -- -

NP-

gh Ies 40 20 low -

gh Yes 30 20 NP .

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE I OF 24

NEVADA-CALIFORNIA STUDY AREA

us SITING INVSTIGATION IA
O|PARTNI OF THE A 1 FORE SASO C- I

------ 
= A o



FN-T -20

FIELD OBSERVATION - ESTIMATED VALUES

-"IUI MATERIAL
LOCATION UNIT DELETERIOUS MATERIALSTYPEa--

NV Dry Lake
R-13 Valley Cement plant photo

NV California heavy caliche coating and
R-14 Wash Au ML-CL cementation; 80% fine* 3 soft No 0

mV California high-
R-15 Wash AaI SP-SM 10% chert - mod Yes 40

NV California
R-15 Wash Au SP trace chert; caliche coatings 1-2 high Yes 15

IV
R-16 Moapa Valley Au SP 85% glassy volcanics 1. mod Yes -

NV Meadow Valley
R-17 Wash Au GP-SP 70% glassy yolcanics .. 1-2 mod Yes 50

NV Meadow Valley
R-18 Wa.h View of older alluvium (photo)

NV Meadow Valley 10% glassy volcanics; caliche
_&c1L Wash _Au GP coating 1-2 1 mod Yp-q

NV Meadow Valley
R-20 Mtn Vu Rhyolite Glassy, limited quantity - high Yes

NV Meadow Valley
R-21 Wash An SP-GP 90% glassy volcanics 1-2 mod Yes 35

NV Meadow Valley 55% glassy volcanics and 5%
R-22 Wash Au SP-GP dec, sed granite - high Yes 40

NV Meadow Valley Dolomite high
R-23 Range Cau Limestone Chert; argillaccous - mod Yes

NV
R-24 Clover Mtn Vb Basalt glass, limited quantity - high Yes

NV low-
R-25 Clover Mtn Vu Rhyolite glassy modI Yes



ILUES LABORATORY TEST DATA

_ -_ _ _ SIEVE ANALYSIS

SPASSING -m

cc2" I" 1" " ," #4 #8 #16 =30 #200 Z

med-
No 0 80 low

I med-
Yes 40 10 low

Yes is 5 NP--

Yes NP 92.o 89.4k 7s-.61.8 48.2 38.2 14.9 0 L

Yes 50 0 NP

Ys NP 12.8 3.9 98.8 80. 7 70.489 31.A 2.2 8. 7 13.9! 2.8 8

B
Yes 2

Yes 35 15 low

Yes 40 5 NP

Yes - -

o- - - - - - - -- - -- - -Yes

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 2 OF 24

NEVADA-CALIFORNIA STUDY AREA

i SITING INVESTIGATION TIKE
OEPARTiEWT OF THE AiE FOKE - SANSO C-i

rU 0 NATIONAL. INg
/I



FN-Tm-O I

FIELD OBSERVATION ESTIMATED VALUES'o-= "'"" -J
Owl MATERIAL IOSNAIII u=

I, - LOCATION UNIT TYPEELTEhIOUS MATERIAL

NV

NV

IR-27 Chief Range Au SM-SP 95% glassy volcanics 1 mod Yes 5

R-28 Chief Range Au SP 40% glassy volcanics I high Yes 35

I NV Cathedral View of older lake deposits
R-29 Gorge __ ___(photo)

NV rare chert; strong caliche
R-30 Pioche Hills Au GP-GC cementation; clay 2 hiqh Yes 16

NV
R-31 Lake Valley Au SC-SM 80% glassy volcanics 2-3 mod Yes

NV low
R-32 Lake Valley Vu Rhyolite glassy mod Yes -

NV trace chert and dolomite high
R-33 Grassy Mtn Au GP-SP 35% strong caliche; cementation 2 mod Yes

NV Lake Valley
R-34 Su-mit Cau Limestone 5% chert nodules and lenses - high Yes

NV Baking Powder
R-35 Flat Cau Limestone minor chert, dolomite - hih Yes

I NV Shl Creek argillaceous limestone
R-36 RAneC L8 Limestone interbeds - hich No

NV Shell Creek
R-37 Rathe Cau IShal _ soft. fissile rocks - Iow n o

NV Shell Creek iron-oxide stains, soft low-
R-38 Eane Par Limestone siltatone interbeds . chert - , n Yes

NV Shell Creek
R-39 Rang Cau Limestone dolomite interbeds - hVgh Yes

I

I,

,, ".



260 . 05 98.1 92.7 - . ~~



I - FIELD OISERVATION - ESTIMATED VALUES

_ - LKATIE UIlt TTf DELETERIOUS MATERIAL -. - -

I CD

Iv 10% glassy volcanics; rare mod
R-40 Steptoe Valley Au SP-GP chert 1-2 high Yes

NV mod
R-41 9tepto, Valley Au GP 15% glassy volcanics 1-2 high Yes 4

R-42 Canyn Cau Limestone chert and dolomite - high Yes -

W1 Nv binsen
R-43 C .Cau Limestone Rare chert - high Yes

Nv Robinson
R-44 C Ay SC 100% highly weathered shale low oe

I rbi nson over 40% fines and abundant soft
R-45 C Au CL-SC particles 1 0w  NO 2

Nv Robinson 40% glassy volcanics and 25% low
I R-46 Canyon .Au SP soft particles 1 mod Yes 4

NVI 27 Egan Range Par Limestone probably argillaceous dolomite - mod Yes -

NV Andesite aI. R-48 Egan Range Vu Agglomerate glassy and soft - low Yes,

R-49 Eqan Ranqe Au SC-CL 100% glassy volcanics I low Yes

highSNV od
R-50 Jakes Valley Au SP 80% glassy volcanics Yes

Nv dolomite,
R-51 butte Mtns Par Limestone locally argillacoues higb Yes

IRV U ite Pine alternating chert, siltatone
R1-52 Range Cau Limestone and sandstone thin beds - high Yes

NV Nevark View of older sediments
I-. R-53 Valley -_ (photo) 1

,' I



TED VALUES LABORATORY TEST DATA

t -.~ tSIEVE ANALYSIS

_ _ - - 5 PASSING _

-2 0 I_ w' #4 #6 #1O 30 $200

high Yes -p 100 96.6__ 81.7 5. 37.1 24.9 17.3 8.7 B

.sod
high Yes 45 10 VP B

B
high Yes - -- -

high Yes .B

low no - -

low-
No 20 40 mod

low
mod Yes 45 10 low

Yes -- .. .

low Yes------ .--

mod mod-
low Yes 20 40 high
:gh

Yes 30 5 NP

gh Yes ---- 11.9 1.8 100 86.2 33.1 15.2 8.0 -2

gh Yes 9.3 4.9 100 80. 246 43.

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 4 OF 24

NEVADA-CALIFORNIA STUDY AREA

vi SITING iNviSTIGATIoO IiAN|
O|PAIVENT Of THE AINl FOI SEESW I C-1,

, ' l~SRO MATERNAL I92L
, /h1/ - RD T



FN-TW28

= FIELD OBSERVATION - ESTIMATED VALUES

MATERIAL _ -_.
LOCATION UNIT DELETERIOUS MATERIAL _-TYPE j c

2-- 6- £3

NV Newark 50% glassy volcanicsand trace high
R-54 Valley Au SP-SM chert; heavy caliche 2 mod Yes 35

NV
R-55 Pancake Mtns A SM 40% glassy volcanics 2 high YesZ_ _2L
NV Newark 40% glassy volcanics; 10% chert; hiI
R-56 Valley Au SP some soft particles m0L Yes 50

NVI
R-57 Diamond Mtns Au GP-SP 5% glassy volcanics and chert 1-2 high Yes

NV hi h
R-58 Diamond Mtns Can Limestone dolomite - Yes -

NVI
R-59 Diamond Valley View of borrow pits (photo)

NV 20% soft siltstone anl sand- low
R-60 Diamond Valley Aaf SP stone; 40% glassy volcanics 2-3 high Yes 35,

NV Little Smoky 5% glassy volcanics and chert
R-61 Valley An S caliche coating some particles I hiuh Yes 2

NV Little Smoky
R-62 Valley An SP-GP 90% glassy volcanics 1-2 high Yes 30

NV
R-63 Pancake Range Su Sandstone friable when weathered low N -

NV glassy, chalcedony,
R-64 Pancake Range Vu Rhyolite limited quantity - high Yes -

NV Railroad
R-65 Valley Aaf SP-GP 100% glassy volcanics 1-2 mod Ye -

NV Railroad 200 glassy volcanics,
R-6 Valley Aal Sp trace chert; limited =uantity I high Yes

NV Railroad 40% glassy volcanic&
R-67 Valley I A.f SP trace chert, limited quantity 1-2 high Yes

/



TED VALUES LABORATORY TEST DATA

-. 6 SIEVE ANALYSIS

_ - S PASSING-
cm ,9 # ~ 4 #8 #16 z30 #200

high
mod Yes 35 5 NP B

NP

hi---Y-es 35 1- l-w B

bh Yes 50 0 N P

hiQh Yes I N_ 100 100 192.6 742 48.6 30. 2j 14- 2 0 1a

hih Yes -- B

low
hi h Yes 35 5 NP C

NP
hiah Yes. 20 1 low-. -

high Yes 30 5 NP - B

low No

hi h Yes B

B2
o Yes 40 5 mP2

B2
high Yes 40 5 NP - 2

B2
high Yes 40 0Q I --

FIELD STATION AND SUPPLEMENTARY

TEST DATA - PAGE 5 OF 24
NEVADA-CALIFORNIA STUDY AREA
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I
FIELD SISENVATION - ESTINATED VALUES

l NATERIAL --
LOCATION UNIT TYPE DELETERIIUS SITSAL - -

N View of red beds in fault con-

R-68 Grant Range _tract uiih i t g t(2w )
MIV White Pine alternating argillaceous hh

I R-69 Range CaU Limestone limestone beds, trace chert - mod Yes

NV White Pine low
R-70 Range V Rhyolite glassy - mod Yes --

NV White Pine

R-71 Range , u Rhyolite glassy ; limited quantity - high Yes

N White River 30% glassy volcanics, mod-

R-7.2~ Valley Au SN 30% gassvt cn-s 2-3 high Yes 20

NV White River 20% glassy volcanics and 25% low

R-73 Valley Au GP soft particles 2 mod Yes 60

NV White River 10% glassy volcanics, heavy
R-74 Valley Aaf GP-GM caliche coatings 2-3 high Yes 60

NV White River heavy caliche coatings and 2i
R-75 Valley_ Aaf GP cementation 2-3 high No

NV White River
R-76 Valley Aaf SM-ML rare chert 1-2 high lyes 20

NVI R-77 GaD Mtn Jaf SP 35% glassy volcanics 1 hich Yes 35

NV
R-77 Gap Mtn Cau Limestone abundant chert nodules - hiqh Yes

I NV White River 75% glassy volcanics; heavy

A-.z Valley Aaf SP-SM caliche cementation 2-3 mod Yes 2

KV White River
R-79 Valley , af SP 75% glassy volcanics - hiah Yes 15

NV White River I glassy volcanics and chert mod
R-80 Valley _ _f GP caliche .coatings 1-2 hig Yes

I

I

a



IUATED VALUES LABORATORY TEST DATA

I SIEVE ANALYSIS

S -C-~ _c 5-PASSING

Ic ~ co L 6L. - W 2" 1%" 1" %0 %a #4 #8 #16 =30 #200 2

high
mod Yes B

low
mod Yes--... .-

_ high Yes B

mod- NP-
high Yes 20 15 low B2

low
mod Yes 60 5 NP B2

high Yes 60 10 HP B2

hiah No I - NP - 97.9 97.0 18.3 71.J 477R4-O2k A 211 n 2

20
high Yes 20 45 low B

- high Yes 35 5 NP

hiqh Yes -

mod I Yes 25 10 NP

high Yes 15 5 NP I

S id Yes NP 27.0 4.6 97.6 93.4 84.3 4 .4L1 23.4 i 7.6 1. .

FIELD STATION AND SUPPLEMENTARY

TEST DATA - PAGE 6 OF 24
NEVADA-CALIFORNIA STUDY AREA

UN1 SITING INVESTIGrATIe01 A
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Iq

lu-Tt-ag

FIELD OBSERVATION - ESTIMATED VALUES

N~ATERIAL W -
LOCATION UNIT TE DELETERIOUS MATERIAL _ - -:1TYPE CDz

! a cc_ _ _ _ _

NV White River high
R-81 Valley Au SP 35% glassy volcanics 1 mod Yes 35.

NV White River moderate caliche cementation; high
R-82 Valley Au SP-SM 40% glassy volcanics 2 mod Yes 35 1

Basalt and
MV White River rhyolitic low
R-83 Valley Vu tuff 2lassy. soft mod Yes --

NV White River low
F- 84 Valley Aaf SP-SM 100, Qlassy volcanics 1 mod Yes 20

NV Dolo.ite, trace chert mod
R-85 Hiko Ranae Cau Limestone probably argillaceous - high Yes --

NV Pahranagat 5% glassy volcanics and
R-86 Valley Au SM-GM moderate caliche coatings 2 high Yes 20

NV Pahranagat
R-87 Valley Aaf No-SH 95% glassy volcanics 1 mod Yes 125

NV Pahranagat Limited extent
R-88 Valley Au SP-SW 85% glassy volcanics I Yes S

NV Pahranagat mod
R-89 Valley Au SM 100% glassy volcanics 1 low Yes 10

NV Pahranagat Silicic
R-90 Valley Vu tuff glassy - low Yes --

NV Pahranagat
R-91 Valley Vu Rhyolite glassy - low Yes --

NV 3% glassy volcanics & chertI
R-92 Delamar Mtns Au SM caliche coatings 2-3 high yes 25,

NV 40% glassy volcanics; 10% high
R-93 Delamar Mtns Au GP-SP chert 1-2 Yes 50

NV 70% glassy volcanics and
R-94 Delaar Mtns Iu GP-SP. chert 1-2 mod Yes 40

I-
I



kTED VALUES LABORATORY TEST DATA

" = - SIEVE ANALYSIS

me Z. - PASSING

C: e.- ca .
-m a- CL." P I ns #4 #8 #16 :30 '200 2

high Yes 35 10 NIP

high
Yes 35 15 NP

low

m d Y e s - -
C

low
,-Gd Yes 20 15 Np C

mod
high Yes -

high Yes 20 15 NP

mod Yes 25 15 NP c

Yes 5 5 up B2

mod
low Yes 10 10 NP C

low Yes -- c

low Yes --

high yen 25, 15 uP

highameA 50 lo NP 2i3

mod Ye 40 5 up

FIELD STATION AND SUPPLEKNTARY
TEST DATA - PA-E 7 OF 24

NEVADA-CALIFORNIA STUDY AREA
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FIELD OBSERVATION - ESTIMATED VALUES

MATERIAL--
LOCATION UNIT DELETERIOUS MATERIAL --

R-95 Valle Au GP Irare chert; some cal__he coating 1 hiqh Yes

NV Pahranagat
R-95 Valley Au SP-GP 2% chert heavy caliche coating 2-31 high Yes 70NV Pahranagat (photo)

R-96 Valley View of older lake denosits

NV Arrow Canyon
R-97 Range Cau Limestone 50% + chert - high Yes

NV Pahranagat View of stockpile
R-98 Valley screened gravels (photo)

NV Las Vegas
R-99 Range Cau Limestones Trace chert and dolomite I High Yes I

View of limestones and
NV Arrow Canyon alluvial fans of Arrow Canyon
R-100, Range Range (2hoto)

NV
R101 Hidden Valley Au G-GP rare chert 1-2 high Yes 60

NV Arrow Canyon
R1102 Range Otz Quartzite None ; limited quantity - high No --

NV
R103 Hidden Valley Au GP-GN caliche coating: 20% fines 2 hiq Yes 55

NV Dry Lake trace chert
104 Valley Au GN-GP 10% soft particles 1-2 hiah Yes 6S

MV heavy caliche cementation and
I105 Kyle Canyon Au  GP coatinq, trace chert 3 high ru an

WV Trace chert

2106 Kyle Canyon Au GP-SP minor caliche coatine h Yes 60

Ky:e Canyon Cau Limestone 2-3% chert Fhig Yes --Il0

[
[,



L hi h Yes . . .

iah Yes -...

hiqh Yes 60 10 NP

high f ..... -

h 1 Yes 55 20 NP

biah Yes Np 14.7 .1 95.2 92.7 L0.5 57.1

xm Ye 0 2

'W r



I FIELD OBSERVATION - ESTIMATED VALUES

MATERIAL U ' - -

LOCATION UNIT DELETERIOUS MATERIAL - - -
, TYPE -c.. c

NV
&1'%7 Kyle Canyon View of Kyle Canyok showing stream channel deposits, stre terr ce, oLdi

NV heavy caliche cementation and high
RIOS Kyle Canyon Au GP coating, soft particles 2-3 mod Yes 6(

NV Las Vegas trace chert
R109 Valley Au GM moderate amount of soft particles 1 high Yes 4(

NV Las Vegas View of fans
Pe La0 Valley Las Vegas Valley (photo)

NV Las Vegas View of lake deposits
Rill Valley in Las Vegas Valley (photo)

NV Las Vegas 5% chert; high
R112 Valley Au GM 15% soft ;,-.tticles 1 mod Yes 4!

NV Indian Spring
R113 Valley Au SP-GP 5% chert; heavy caliche coatin . 1-2 high Yes 4S

NV Indian Spring 2-3% chert
R114 Valley Cau Limestone iron oxides on fracture surfaces - hich Yes

NV 10% soft particles; caliche
R115 Mercury Valle3 Au SP-GP coatings, dolomite 1-2 high Yes 4C

NV
R116 Spring Mtn Cau Limestone Dolomitic - high Yes

NV
R117 Spectar Range ptz Quartzite None - high No

5% soft particles; caliche coat-
NV ings on limestone gravel;
R117 Spectar Range Aaf SM limited quantity _ 1-21 high Yes 3

NV
R118 Spectar Range Cau Limestone Dolomitic - high Yes

NV
R119 Skeleton Hill Cau Limestone argillaceous: brecciated - mod I Yes I

L" - .~ ~ _- .. ... ...--



I VALUES LABORATORY TEST DATA

cm. t3, 2 
C

i .. ~~~. . SE[AAY

cm ca PASSING

mI m-_ , '

S2a #4 #8 l6 30 1200

terrkce, c Lder Fans (phol))

igLhgo Yes 60 10 NP 
B 2

h yee 40 5 NP B

qh
Ye q 4 15 NP B

highl Yes 4n 10 NP

Mai Yes .. . .-- 11.0 12.0 NP 100 96.2 27.4 12. 5.4 -

gh Yes 40 10 NP I -B

Mai Yes -- -- 13.9 3.22 N.P. 98.5 82.3 27.4 11.2 3.8 B.

q No .-- - - - - - I - I - - A

.qh Yes 30 15 NP L

gh Yes ---- 12.9 1.8 NP 98.2 76.91 26.6 i0.. .7 -

ad Yes JI I I I A B

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 9 OF 24

NEVADA-CALIFORNIA STUDY AREA
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FN-T -2 0

FIELD OBSERVATION - ESTIMATED VALUES

= MATERIAL
LOCATION UNIT DELETERIOUS MATERIAL -

= I- ca 41

NV Amargosa 90% glassy volcanics and chert;

R120 Desert Aal GP-SP limited quantity hiqh yes

NV Amargosa View ot gravel pit
R121 Desert and cinder cone (photo)

NV Amargosa 85% glassy volcanics and light-
R122 Desert Aaf SM-GM weight tuffaceous particles 2-3 low yes 40 1!

NV Amargosa
R123 Desert Aal SM-GM rare chert, caliche coatings 1-2 high

NV Amargosa 85% glassy volcanics and soft
R124 Desert Aaf SP-CP tuffaceous particles 0 low Yes 40

NV Sacrobatus
R125 Flat Vb Basalt 20-35% vesicular - high yes

NV Sacrobatus
R126 Flat Vu Rhyolite glassy, limited extent high yes I

NV Sacrobatus abundant low density particles low
R127 Flat Au SP 100% glassy volcanics 1 mod yes

NV Sacrobatus
R128 Flat Vu Rhyolite glassy - mod yes I

NV San Antonio low
R129 Mtns .Vu Rhyolite lassy .- md vs -

NV 80% glassy volcanics; 20% soft
R130 Ralston Valley Au SP-GP particles, limited extent i-2 mod y s

NV 100% glassy volcanics and
R131 Ralston Valle Au SM soft particles 2 low yes 30

NV 100% glassy volcanics and
R132 Ralston Valley Au GM-SM soft particles 1 low I yes 1 40

NV Big Smoky abundant soft particles low
R133 Valley Au GP 70% glassy volcanics 1 md es 0

/i ! °



TED VALUES LABORATORY TEST DATA

-- .SIEVE ANALYSIS- _- - ..-- E~ t~

=- cm'..- m 2 I!" I"" 14 18 016 z30 *200

hiah yes NP 14.4 2.9 .99.3 99.2 92.9 75.8 46.4 32.8 19.6 10.3 1.1 B

low yes 40 15 NP C

high .L NP 1 92.5 85.8 68.8 5.9 32.7 26.2 22.] 19.2 2.3 B

low yes 40 5 NP I C

high yes - ----- ,B

B2
high yes .. . . 2

low
mod -yes- NP 98.5 96.8 88.5 72.9 54.0 45.6 38.1132.7 2.8 C

m o d I y e s . . . . . c
low

s NP 100 100 1 99.9 99.5 98.6 90.162.8 50.5 3.5 B2

low-
low yes 30 20 NP - C

low es 401 10 NIP C

tow

Iyes 130 , 11p 0.8 7.1 -64.4 50. 19.2 17.5 24.6 20.1 0.4 C

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 10 OF 24
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F-TI-20

SIFIELD OBSERVATION- ESTIMA TED VALUES

C LOCATION UNIT DELETERIOUS SATERIALTLTYPE cc

R134 Lone Mtn Vu Rhyolite glassy low yes

NV Big Smoky
R135 Valley Aaf SM 100% Qlassy volcanics 2- mod ye

NV occasional soft particles
R136 Lone Mt. Aaf GP-SP 15% volcanic rticles I high yes

NV Monte Cristo View of tuffaceous volcanics
R137 Range photo

NV Big Smoky
R138 Valley Aaf SM 100% glassy volcanics; clinkry 1 low yes 15

NV volcanic General view of Monte Cristo

R139 Hills Mtn. and Silver Peak Range(photo

NV Volcanic General view of

R140 kills Volcanic Hills (photo)

NV Fish Lake View of alluvial fans
R141 Valley from White Mtns (Photol

NV Fish Lake
R142 Valley Aaf GP-SM possible chlorite 1-2 high yes 4!

NV Fish Lake
R143 Valley Aaf GP-SP possible chlorite - high yes 7(

NV Fish Lake View of alluvial fai,R144 Valley fans from White Mtns (photo)

NV Volcanic
R145 Hills Vb Basalt 10-50% vesicular; glassy I high yes

NV Candelaria View of basalt and
R146 Hills potash-producing mine (photo)

NV View of volcanic
R147 White Mtns - L ash and cinter (photo).,

mmm1 *



ED VALUES LABORATORY TEST DATA

~- ~J_ I-SIEVE ANALYSIS
a CC

a .CPASSING
c- .( - a . _ m Cos- - - - - - - - - - - -

,= C.L .. al. 2- ! " 1=  , s" #4 #8 #16 =30 #200 a

low yes .

yes 30 15 low c

h yes 65 5 NP - B

low yes 15 10 NP, C

low-

high yes 45 15 NP

high yes 70 5 NP F

high yes

FIELD STATION AND SUPPLEMENTARY

TEST DATA - PAGE II OF 24
NEVADA-CALIFORNIA STUDY AREA

MI SITING INVESTIGAIION TAS
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FN-T3l

FIELD OBSERVATION ESTIMATED VALUES

MATERIAL _-
LOCATION UNIT DELETERIOUS MATERIAL _ - --

TYPE_

V low-
R148 White Mtns Vb Basalt glassy and vesicular - mod yes

NV View of basalt and
R149 White Mtns volcanic ash (photo)

NV
R150 Queen Valley Aaf SM 50% glassy volcanics I mod yes

NV 30% glassy volcanics,
R151 White Mtns Aaf GP-GM chlorite oossibl y  1-2 od ves 4

NV View of alluvial
R152 Queen Valley -fans from White Mtns (photo)

NV 5% chloritic mafic volcanics
R153 White Mtns Aaf SM and soft particles 1 mod 1 ves

NV View of alluvial fans
R154 Benton Valley fans from White Mtns .(photo)

NV decomposed granite,
R155 Hammil Valley Aaf SM possibly chloritic 1 1 mod no 35

NV Alluvial fans from
R156 White Mtns White Mtns. (photo)

NV Alluvial fans from
R157 Haumil Valley I White Mtns. (photo)

NV Chalfant
R158 Valley Aaf GP 10% mafic volcanics 1-2 .iah gh

NV
R159 Ovens Valley Aaf GM-SM 80% Dlatv G soft particles 1 ow 40,

NV high
R160 White Mtns Aal GP-GM 90% platy and nft Particles 1 mod no 65

NV metamorphic abundant chloritic and
R161 Black Mtn Su rocks soft particles - low no

ip



TED VALUES LABORATORY TEST DATA

" _-- SIEVE ANALYSIS
.c PASSING _

,- 1k 1 o. - .. 9 2- #4 #8 *16 =30 #?DO I

low-
mod yes 2

low-
mod es 4 15 NPB

modl yes 4o is NP B

low-
mod ves 15 15 NP

m.od no- 35 15 -P B

95.7 87.9 65.5 46.6 35.1 28.9 23.5 17.3 1.9 B

! n 40 j5 NP c

igh NP
no 65 10 low C

o no -- C

FIELD STATION AND SUPPLEMENTARY
TEST DATA - PAGE 12 OF 24
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UN-TI-ISo

FIELD OBSERVATION - ESTIMATED VALUES
MATERIAL _

c2. LKiTION UNIT TYPE DELETERIOUS MATERIAL -

MV
R-162 White Mtn* Su Limestone abundant soft interbeds high no --

NV
R-163 lWhite Mtns Su Argillite platy particles high no --

NV Deep Spring
R-164 Valley af GP-SP moderate caliche coatings 1-2 high no 70

NV
R-165 White Ntns Vb Basalt glassy, limited quantity - hiah es --

NV
R-165 White Mtns -%r Granite strongly weathered - mod no --

NV Fish Lake 3% mica in sand;
R-166 Valley Aaf SM decomposed granite - low no S

NV Mafic volcanics along

R-167 White htns 9hite Mountains(photo)

NV Silver Peak 60% platy particles, 5%

R-168 Ranae Ka.L SP-SM chert _ _ _] 1-2 mod yes 45

NV Silver Peak
R-169 Range Su Marble dolomitic, limited quantity - high no

NV Silver Peak low
2170 Range Granite coarse grainedi poorly bonded .mod no . -

NV 50% + soft particles
R171 Palmetto Mtns jug GP-SP 10% chert 1 low yes 6

NV
R172 Palmetto Mtns A, tuff glassy low s.XIL -

1W
R173 Palmetto ntns £aa Limestone dolomite lenses hg e --

NV nmmt Jackon glassy volcanics and platyi
R174 Ridge SP-SM metamorphics; 10% chalcedony - yes 30

t. I



M VALUES LABORATORY TEST DATA

- SIEVE ANALYSIS
-c - - PASSING

.v- w CL. 2 - #8 # 16 =3 0 !# 2 0 0

ah no -- B-

B

ih no -- B2

iah no 70 101 IP

h yes 30 25 N

aw. -

no -- O 2

ves 6o 5 10 HP C

alb- yes 45Bi0 N

ye 25 1 NPW I

o--_- yes 30 
C -I

FIELD STATION AND SUPPLEMENTARY
TEST DATA -PAGE 13 OF 24
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FIELD OBSERVATION - ESTIMATED VALUES

MATERIAL
LOCATION u DELETERIOUS MATERIAL C.TYPE --j

NV Rattlesnake 10% mica sand,
H-i Wash a SP-SM occasional soft particles mod no 40 .

NV Granite moderately weathered hi h
H-i Jumbo Peak Gneiss ct.rse grained ..- no --

NV weathered in outcrop,
H-2 Jumbo Peak gr Granite coarse qrained - low no -

trace chert, occasional thin high
H-3 Tramp Ridge Cau Limestone argillaceous horizons - I Y..-es_ -

Granite weathered in outcrop med
H-3 Tramp Ridge .In Gneigt coarse to medium-grained - low In

NV trace chert, 5% softH-3 Tramp Ridge Aal GP-SP sedimentary Particles - hiqh yes 35

NV chert; abundant soft
H-4 Grand Wash Aal SM sedimentary particles ow yes 20

NV 30% soft sedimentary particles, .,H-5 Virgin Mtns At SM-SC caliche coatings, clay 2-3 mod yes 35

H-6 Virgin Mtns Au SP trace chert - high yes 40

NV argillaceous horizons, high
H-6 Virgin Mtns Limestone trace chert - mod yes --

NV
H-7 Virgin Mtns rai Limestone argillaceous, cherty - med yes

NV
H-7 Virgin Mtns As SP 1-2% chert - hiqh Yes 15

H-SN V iri f soft granitic% and mafic met&- mod
morphic, abundant mica, schist-8 Vrn t Au GP w/SP E& phyllite 2-3 soft yes 6oH

NV soft granitic* and metamorphics, mod
H-8 Virgin Mtns , SP abundant mica s yes i

I



i VALUES LABORATORY TEST DATA

SSIEVE ANALYSIS

C-" PASS ING

I #4 #8 #16 =30 #200 C

B
no 40 10 NP 2

B2

no2

v - - " - - - - - - - - - C

Lah .yes 135 101 mP I B

w ye 2 20 N --

I low
!_ yes- 35 25 mod c

=gh yes 40 10 NP B

Lgh
)d yes

od es .. . ._B

Lah yes is_ 10 up I

if yes 60 5~ILyes 10 lJ2 IL..

o s in NP

FIELD STATION AND SUPPLESENTARY
TEST DATA -PAGE 14 OF 24
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3n.iuF-tR

FIELD OBSERVATION - ESTIMATED VALUES

uATERIAL
LOCATION UNIT DELETERIOUS MATERIAL

CS ca_ 4

NV
H-9 Chief Mtns Otz Quartzite - hih no

NV 1-2% chert, 10% limey
H-10 Bristol Range. Au SM-GM shale particles 2-3 high yes

NV
H-10 Bristol Range Cau Limestone dolomitic - high 7 -

NV dolomiti% moderately mod
H-lI Bristol Range r. Limestone weathered in outcrop - high yes

NV North Pahroc
H-12 Range Cau Limestone abundant chert locally high 2

NV North Pahroc 60% basic to silicicvolcanics high
H-13 Range 4u. Sm & GP occasional soft partciles 2 mod ye

NV North Pahroc 60% basic to silicicvolcanicsi H-13 Range Au SP vesicular volcanics - mod yes

NV
H-14 Seaman Range gai Limestone dolomitic - hiuh e

I NV Bristol Trace chert
H-15 Range Au SM caliche cementation, minor clay 2-3 high yes

NV Bristol Trace chert
H-15 Range Ca Limestone interbedded mod-hard horizQna - high yes

NV
H-16 Grassy Mtn Cau Limestone 1-2% chert nodules high yes

NV Dutch John
H-17 Mtn Cau Limestone 1-2% chert - high -- Le

NV Limestone very thin bedded, high
H-18 Hills Limestone trace chert - mod yes-

NV strong caliche cementation and highH-19 Snake Range I Af SM coatings, dolomite 2-3 yes

.1 f I



PED VALUES LABORATORY TEST DATA

3- -jsJU

~.-. -SIEVE ANALYSIS
C-2 C*PASSING

C - Cc

kih B

__ es 401 15 NPI IB2

high yes 1 P5

B
igh yes 3 5 ow 2.

[jh yes -- - 18.7 4.6 NPJ 36.6119.e10.9 IB

Lq yes I- I- -

-iah vtc

Lgh
yesB

L gh IBe 35 1

FIELD STATION AND SUPPLEMENTARYF
TEST DATA - PAGE 15 OF 24
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FN-TA-20

i FIELD OBSERVATION - ESTIMATED VALUESCC,

M ATERIAL M

C LOCATION UNIT DELETERIOUS MATERIAL -
TYPE - _.

I ~NV _ _ _ _

H-20 Snake Range Cau Limestone dolomiti - high lei -

H-21 Snake Range Ls Limestone _-____ ____-

* NV
H-22 Snake Range Ls Limestone hia. i__ _

NV
H-23 Snake Range 0tz Quartzite hiq c I -

NVI
H-24 Spring Valley Aaf SM & mL w/GP caliche cementation high no

NV
H-25 Snake Range Aaf Sp-cp trace soft qranite particles I hi gh noL

NV abunda. 4 chet l.enr-s and i
B-26 Snake Range Cau Limestone nodules - I high iyes -

I NV Schell Creek
H-27 Range Qtz Quartzite .-__ig h n____h-

I Nv Schell Creek mod
H-28 Range Cau Limestone 2-3% chert, aryillaceous - high Ie-e -.

NV Schell Creek 30% soft argillaceous limestone, mod i
H-30 Range Au SM caliche cementation 2-3 low no 3

NV Fortification very weathered in outcrop low
H-30 Range Par Limestone 2-3% chert - mod yes -,

NV Duck Creek
H-31 Range Qtz Quartzite - hiqh no -

NV Duck Creek occasional large 10-20 cm high
H-32 Range Ls T.impgtnnp calcite crystals mo no _1

NV occasional large 10-20 cm
H-33 Egan Range Ls Limestone calcite crystals - hih no .

(



TED VALUES LABORATORY TEST DATA

z SIEVE ANALYSIS 2

1 1
I_ uSPASSING m

L_ C CL A L 2' P-" I 4 #4 zB :6 z33) -0

hi i . es .. .. .. 16.4 5.9 NP 100 88.4 34.3 17.1 89 B1A
__q; -o .. .. . j.24.9 2.5 100 92 38.77 I.A

Migt, nc 1 5.6 3.1 100 75.5 26.4 13.2 7.5 A

high no low 36 65.0 94 88.8 78.3 7.7 58.8149.7 42.1 33 6.1 C

igh noN 4 8 . 9 0 . 5 .53 2 . 7 2 4 . 9 18.21 11. 1.51A

Lgh yes .. --.- j -

igh A

!igh yes_ . .. .

nod

TSDT!P no 35 1E low

Law ~n m T

-., 4 yes --

4qh no IA

_c h no A

-h no A

FIELD STATION AND SUPPLEMENTARY
TEST DATA -PAGE 16 OF 24
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FI - 1t-2S

FIELD OBSERVATION - ESTIMATED VALUES

I- a-LKATIO UNIT MATERIAL -LKTON UI TYPE DELETERIOUS MATERIAL - .I _ C

H-34 Egan Range Qtz Quartzite weathered along joints h Ii-! no

H-34 Egan Range Cau Dolomite .hi1h ys;IK
NV'

H-34 Eqan Range Cau Limestone 1 3-5% chert - hiqh yezI
Trace cherti 15% moderately
hard tb soft sedimentary

H-35 Eqan Range Aal GP particles; limited quantity - high yes

NV Qtz. very weathered in outcrop,
H-36 Ean e r Monzonite .... coarse grained - low .nt

NV Cherry Creek
H-37 Mtns Qtz Ouartzite .. hih no

NV Cherry Creek trace chert, secondary calcite highj H-3, Mtns Cau Limestone .v wathered ._ mod ? yes

NV Cherry Creek I
H-39 Mtn5 Cau -olomit_ high _s
NV Limestone & argillaceous limestone and mod

H-40 Butte Mtns Par shale shale predominate 2-3% chert low yes

NV
H-41 Butte Mtns Cau  Limestone 1-2% chert, argillaceous - mod yes

dolomitic
NV Maverick weathered in outcrop, occ. large high
H-42 Springs Range Ca Limestone 15-20 cm crystal of calcite - cd yes

NV
H-43 Big Bald Mtn. Cau Dolomite weathered in outcrop - mod Ies

NV Sandstone & low durability, friable mod
H-44 Diamond Range Su Conglomerate horizons , low no

NV Quartzite interbedded hard and soft high
H-45 Diamond Range Su Shale horizons low no

. . i
"a



TED VALUES LABORATORY TEST DATA

--- SIEVE ANALYSIS
cc -M PA SS INC m

_ - -
, , .. . 2" 1 ":e 4 8 tB 30 2 0 ,-"I-- C, C-5 =,. C A

2 24 #4 #8u

h i g h n o .. .--. A

hi-h yes .. - B

hi-h yes .. .... -

hiQh yes 60 5-- B

low Yio .. .. . c

high I no I
high i

mod yes I -- -.

high ye &q . . I

tood B
low yes - --_-

mod yes

highmoal ves .. ..

mod yes

no clo w n o . . .

high c
low no I

FIELD STATION AND SUPPLEMENTARY
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FN-Tb20

FIELD OBSERVATION ESTIMATED VALUES

LOCATION UNIT DELETERIOUS MATERIAL --
TYPE _ _A

NV Sulpher high
H-46 Springs Range Cau Dolomite weathered in outcrop, fractured - mod yes

NV Dolomite & high
H-47 Roberts Mtns Cau Limestone weathered in outcrop, fractured - mod yes

NV thin shalely lenses, high
H-48 Mahogany Mtns Cau Limestone weathered, dolomitic - mod yes

NV very weathered in outcrop, high
H-49 Mahogany Mtns. Cau. Limestone highly fractured, dolomitic - Imd ves

NV Mcculloughs
H-50 Butte Otz Ouartzite - hiah no

NV Interbedded
H-51 Pancake Mtns Su Sediments soft, strong Fe staining - low no

NV
H-52 Mt. Hamilton Qtz Quartzite - high no I

II&NV
H-53 Pancake Range Cau Limestone dolomitic - I hinh rac

NV White 40% soft sedimentary particles, mod
H-54 Pine Mtns Aaf Fanglomerate caliche cementation 3 low 7

NV 35% vesicular, glassy,
H-55 Pancake Mtns .V Basalt brittle - mod .yAAe --

NV
H-56 Pancake Mtns Cau Limestone calcite veinlets, dolomitic - high yes I

NV 20% argillaceous limestone high
H-57 Pancake Mtns Aaf GP-SP or limey mudstone, trace chert mod yes

NV Dolomite
H-57 Pancake Mtns C a Limestone trace chert - high yes

NV
H-58 Grant Mtns Cau Dolomite very weathered in outcrop mod yes

2



TED VALUES LABORATORY TEST DATA

t ~ -~ _SIEVE ANALYSIS
-Z. ,5 PASSING

c " 2" 1" " #4 #8 116 :30 1200

high B
mod yes

high
mod I Yes 1112_.7 3.8 100 95.1 29-5 19.1 9.3

high B
mod es 1 .0.8 5.3 100 80.7 .144.2 19.4 8.9B

high B "

no

low no

hiqh no

mood C
low 70 i0 low

mod ... 1..

high yes -- --

high
mod yes 70 tr Np

hiah yes -- -

mod yes -

FIELD STATION AND SUPPLEMENTARY
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FIELD OBSERVATION - ESTIMATED VALUES

W D.-
* - - . M A T E R IA L :t -a- -
LOCATION UNIT TE DELETERIUS ATERIAL _" ,- . aI TYPE

L L

NV Quinn Canyon 3-5% chert, locally very
H-59 Range Cau Limestone weathered highI yes_
N dolomoticV Golden Gate weathered in outcrop, ocC. large high
H-60 Range Cau Limestone 15-25 cm calcite crystals -- .j yes ,

I Golden Gate 2-3% chert, weathered in mod
H-61 Range Cau Limestone outcrop -- high yes -

NV Worthington
H-62 Range Cau Dolomite -- high es -.4

NV dolomitic high
H-63 Hiko Range Cau Limestone occ. thin araillaceous zones -- mod- .e
NV 5% soft sediments, strong 2
H-64 Hiko Range Au Fanglomerate caliche cementation & coatings 3 high yes 65

NV Irish
H-65 Mountain Cau Limestone weathered in outcrop# dolomitic - hich

NV Timpahute highly fractured and weathered mod
H-66 Range Cau Limestone this locality. dolomitic - low

dolomitic
NV Timpahute occasional large 15-25 cm
H-67 Range Cau Limestone calcite crystals - high yes

WIF I highH-68 Groom Range Cau Limestone locally high fractured,dolomitic - rood yes

NV occ. thin Fe rich sandstone
H-69 Groom Range Qtz Quartzite horizons - hiah no -

NV Pahrangat
H-70 Range Aal GP-SP trace chert ; limited'quantity - Ihiah yes I.

NV Pahrangat grainy along joints where
H-70 Ranae tz Quartzite weathered; limited quantity - high no --

Nv Pabrangat
Raneu Limestone 5-10% chert high yes -A

/f



TED VALUES LABORATORY TEST DATA

3- to a
I.- IJ W -

-. C SIEVE ANALYSIS

high yes -- - -

high
d yes ..

modhih yes -- ,. .B

high

B2
hih yes 65 0 -o 1 2

high yes. . . -

high
mod .e B

ig

no-- -

hh .. - - p 1..L 15.2 7.5 - b.6 69.5 -143.5 21.0110.5 7.1 5.9 5.2 2.4 B

high no A

igh

high yes B

FIELD STATION AND SUPPLEMENTARY
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I P-TI-IS

FIELD OBSERVATION - ESTIMATED VALUES
= =

LOCATION UNIT DELETERIOUS MATERIAL -
TYPEcI 2 0

East
NV Pahrangat

H-72 Range Cau Limestone 1-2% chert; locally argillaceous - high yes --

NV
H-73 Delmar Mtns Cau Limestone weathered in outcrop, dolomitic - high Yes -

NV Meadow Valley weathered in outcrop, dolomite, high
H-74 Mtns Cau Limestone local argillaceous horizons - mod yes

NV

H-75 Mormon Mtn. Cau Limestone .10% to locally 50% plus chert - hich yes

NV Meadow Valley
H-76 Mtns Cau Limestone 5-10% chert - high yes

W Meadow Valley

b-77 Mtns Cau Limestone abundant chert; locally 50%+ - high yes -

NV San Antonio
H-78 Mtns Vb Basalt less than 5% vesicular - high yes

NV San Antonio 50% intermed. & silicious mci
H-79 Mtns AalI GP-SP volcanics; glassy, soft - low asI

NV San Antonio 50% vesicular, glassy, high
H-80 Mtns Vb Basalt brittle - mod yes

NV Qtz. very weathered in outcrop, mod

H-81 Toquima Range g I Monzonite coarse araine-d - lw I n

MV very weathered in outcrop, mod
H-82 Toquima Range qr Granite coarse grained low no

NV very weathered in outcrop, mod
H-83 Toivabe Range ar Granite coarse grained - low no

NV highly fractured, locally a
H-84 Toiyabe Range Cau Limestone phyllite d yes

NV locally sandstone, highly high
H-85 Toivabe Ranae tz Ouartzite fractured and deformed I mod no --

7!



ESTIMATED VALUES LABORATORY TEST DATA

a- -A t.J *

S _ -- SIEVE ANALYSIS
Co cz -- PASSING

W C:, Ln -
a 9 % h 2" CL. I Y4" w #4 #8 #16 :30 #200

- high yes B

high yes .. .. ..- 8.8 1.0 100 83 31.614.3 7.5 -

high
mod yes B

B2

h ves -2..._

high yes

high: yes .. . .B

high yes .. .. 10.2 0.90 N.P. 100 -74.5 37.3 I .. - -B

modc

-low yes 451 0 NP -

high B
mod yes -2

mod B2
low 2o

mod B2
low no

mod B2

C

-y- ----es --

high B1
mod no6

FIELD STATION AND SUPPLEMENTARY
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FN-Tm1-2g

FIELD OBSERVATION - ESTIMATED VALUES
U- b -

= ~MTERIAL
LOCATION UNIT DELETERIOUS MATERIAL _ -

M TYPE C

NV locally sandstone, highly

H-86 Toiyabe Range Qtz Quartzite fractured and deformed - high no

NV highly deformed, fissile,
H-87 Toivabe Range Cau Limestone locally a phyllite - mod yes --

NV locally a sandstone, highly high
H-88 Toiyabe Range Qtz Ouartzite fractured and deformed -n

NV very weathered in outcrop, mod

H-89 Toiyabe Range gr Granite coarse grained - low no

NV weathered in outcrop,
H-90 Lone Mountain gr Granite medium grained - mod no

NV Dolomite
H-91 Lone Mountain Cau Limestone locally metamorphosed - high yes

NV locally metamorphosed and high
H-91 Lone Mountain Cau Dolomite altered - mod yes --

NV Monte Cristo very weathered in outcrop,
H-92 Mtns. Vu Andesite soft. glassy - I low yes J

.1 NV Monte Cristo
H-93 Mtns Vb Basalt 20% vesicular - high yes

NV

H-94 2edar Mtns Vu Andesite Tuff soft, glassy - low yes I

NV Limestone shale interbeds, intensely
H-95 Cedar Mtns Cau Dolomite fractured, silicious - high yes

NV weathered in outcrop,
H-96 Cedar Mtns Cau Limestone angular, sharp, dolomitic - high jg

NV Gabbs Valley mod
H-97 Range gr Granite weathered in outcrop - high no

NV Gabbs Valley
H-98I Range Vb Basalt 5-10% vesicular high yes --

'Ip



11 VALUES LABORATORY TEST DATA

5 PASSING

ccmcc ~ - cc co -

Po ye..s.. I 1high -8 
1

r~o 2

B
L'h yes

gh ye

ves

gw yes I_. .

gh yes --

yes C

B2

high yes .. . -
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FN-1E-20

FIELD OBSERVATION - ESTIMATED VALUES

LOCATIO UNIT ATERIAL DELETERIOUS MATERIAL C'
TYPE cc- r

==- A'

NV abbs Valley
H-99 Range Limestone photo stop

NV
H-100 Garfield Mtns Vb Basalt 40% vesicular, zeolites h h /es_ -

NV very weathered in outcrop,
H-101 Garfield Mtns gr Granite coarse grained I low no

NV Metamorphosed very sharp, angular,platy
H-102 Garfield Mtns Cau  Limestone metamorphic minerals - h ye

NV Excelsior
H-103 Mtns Vb Basalt 35% scoriaceous, glassy - hiah es -

NV Excelsior abundant metamorphic minerals, mod
H-104 Mtns Su Metamorphics platy particles - high yes

NV Excelsior mod
H-105 Mtns gr Granite very weathered in outcrop - high no I

NV North very vesicular to scoriaceous,
H1-106 Benton Mtns Vb Basalt glassy - high yes -

NV Granite abundant biotite mica,locally high
H-107 White Mtns gr Granite Gneiss moderately hard to soft - low no

NV Shale, lime-stone and platy particles, modH-108 White Mtfs Su dolomite so materials - low I ves

NV Shale and platy particles, soft material modH-109 White Mtns Su Limestone argillaceous limestone, dolomiti - low yes

NV limited extent, high
H-110 White Mtns Vb Basalt 35% vesicular, glassy - mod yes I-

NV Quartzite, mod
H-111 White Mtns Su Argillite very sharp, angular, brittle - high no

10% intermediate volcanics,
NV Silver Peak moderately hard to soft mod
H-112 Range Au SM materials Iow y. s -



TED VALUES LABORATORY TEST DATA

. j 1.. 6

., _ . SIEVE ANALYSIS

PASSING

C a V - 2w " 1C" ,- ," #4 #8 916 =30 t200 ,'

hiqh ves I - J... ..- - 2-

mod'
low no . . I B

ih yes -. I B2

hich 2 . . .

mod
high yes C

mod
h i g h n o .-. . 2

high yes -

high
low no

,mod B2

low yes------

bigh 3

12
moda no2

X" e .. -.- -99.2 96 85.9 74.4 59.7 4311.6 2 6.1 2

FIELD STATION AND SUPPLEMENTARY
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FN-T1-20

FIELD OBSERVATION - ESTIMATED VALUES

LOCAION UNIT MATA DELETERIOUS MATERIAL

NV Silver
H-113 Peak Range gr Granite very weathered in outcrop - low no

NV Limestone weathered in outcrop,
H-l14 Magruder Mtns Cau Dolomite noderately hard shale beds - mod yes

NV Quartz
H-115 Sylvania Mtns gr Monzonite soft - very weathered in outcro - low no

NV Last interbeds of soft sediments$ high
F-116 Chance Mtns Cau Limestone platy particles, doloTnitic - low yes --

NV Last Limestone & abundant chert, limestone is high
H-117 Chance Mtns Cau Ouartzite moderately hard mod -

NV Last Aal trace chert
H-118 Chance Mtns Aaf GP 5% soft sediments 1 high yes 65

NV Dolomite, soft sediments,
Limestone &H-119 Bare Mtns Cau shale highlyfractured_ -_od_ _es_ --

NV 5% soft sediments,
H-120 Bare Mtns Au GP-SP dolomite ,I1 hiah yes- 50

NV locally moderately hard,
H-120 Bare Mtns Qtz Quartzite friable - high no --

NV Greenwater 30-50% vesicular, brittle,
H-121 Mtns Vb Basalt glassy, zeolites in vesicles - mod yes --

NV Resting abundant caliche, very weathered
H-122 Springs Mtns Aaf GM-SM soft dolomite particles mod no 60

NV Resting Limestone & high
H-122 Sprinas Mtns Cau nuartzite limestone soft;trace chert I mod yes

NV Resting locally moderately hard,
H-123 Springs Mtns Qtz Quartzite friable high no

NV Resting Limestone moderately hard, mod
H-124 Springs Mtns Cau Dolomite weathered trace chert h yes



I VALUES LABORATORY TEST DATA

-~ - =-. -£4SIEVE ANALYSIS
2 $ C__ I PASSING - -

W.. -L . , " I6 2 #4 #8 016 :30 0200 cc

no 2

i yes . -

Wyes

V ag B

yes 65 5 NP B

- --- - --- - - B

yes SO S p B

tgb no .. .. . 25.3 1.9 100 80. 0-

d yeS . . 2

NP
pd no 60 10 lo 2

gL. yes -- -- B

h no --- -- 1 . 1294.7 81.1 25.3 11.4 6.01

Ie .. .. .. t
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I F*-TA-20

I FIELD OBSERVATION - ESTIMATED VALUES
I=

MATERIAL
LOCATION UNIT DELETERIOUS MATERIAL _ - -

TYPE - 3

I- _

NV Limestone abundant chert, argillaceous
H-125 Nopah Mtns Cau Dolomite lenses, moderately hard - mod yes

I NV locally moderately hard, high
H-126 Nopah Mtns Otz Quartzite friable - mod no

NV Limestone
H-127 Spring Mtns Cau Dolomite possibly argillaceous - high yes

NV 5% soft sediments dolomitic,
H-127 Spring Mtns Aaf GP-SP caliche coating - high yes

I
I '



TED VALUES LABORATORY TEST DATA

_ - - -- SIEVE ANALYSIS

= G m S _PASSING _

9= a- -- 0. #4 #8 16 30 200 S,

mod yes B

high
mod no .. .. .. B

high yes -- - 16.5 2.7 N.P. 100 88.0 39.4 19.1 10.1 -

igh yes 60 5 NP -
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FN-1U-20

DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION C4 -3 .

7.2 2.5

xv
I- N VHD Ralston valley AIL Gravelly Sand c 14.8 2.4

F5.2 2.5

NV
- NVHD Ralston Valley AIL Sandy Gravel c 12.1 2.41

NV
H-2 NVHD Railroad Valley !al Sandy gravel 27.2 3.6 2.7

NV N-3 ~ Gs abs Valley Al Sn Gre 24.8 1.5 12.6

NV
N-4 NVED Railroad Valley Aal Gravelly Sand 4.2 2.5

C 16.4 2.3

NV
N- b ynVn nanig Vallew rA&I Isandy Gravel F. 3.2 2.

C 17.8 2.6

NV
W-A Nyg AmargQoa Desert aal Sandy Gravel F

NV
N_7 NuuD Amargosa Desert L Aa Gravellv Sand

NV
M-A mvn __ndian q~ring Vallpip AU Sandy Gravml 191.6 1.71 2.6

V C 20.8 4.7 2.5

.b-q VI4D Sarcobatus lat Aal Sandy Gravel F 5.5 2.5
F 2.8 2.5

NV

W-j NVHD Jakes Valley Au Sand Gravel C 23.2 6.7 2.6

NV Stage three
W-2 NVHD SRling Valley Au Gravelly Sand : caliche 2.6C

NV
W- I -wNV SaoaI Valley . Gl SandA G rvel l.y -

NV

-L. MOD Duck Creek Ranc m A f Sandy Gravel 20.8 5.2 2.5

NVI



LABORATORY TEST DATA

,.. __- _ SIEVE ANALYSIS
"' _ --- PASSING

c .) 0 . '4C.

'4 " -C6 9= 3- 20 Ir to " #4 #8 #10 #16 #40 #50 #108 #206

7.2 2.5

14.8 2.4 9 9 86675 .4 237- _U..24.4 1.2 6. 3
5.2 2.5

12.1 2.4 100 92.6 83.!76.2 63.8 57.2 41.4 33.7 29.125.5 8.8 5.1 1.5 0.9

2 3.6 2.7 -94.8 89.4 80.768.5 57.8 56.0 37.4

a 1.5 1 2.6 -93.7 87.4 75.165.8 52.5 45.2 30.0

4.2 2.5 84.7 74.7 71.453.9 15.6 8.3 2.q 0.8

4 2.3 100 75.6 65.7 56.651 2 45.8 41.9 33.7

-3.2 2.5 - 68.0 52.2 45.C 38.0 19.6 14.5 6.6 2.9
8 2.6 100 91.8 91.8 79.968.6 58.3 53.7 47

78.2 4.2AL 4 38 -. .5, L.L

62. 5155. 34.1.1621. 4.20

fi 1.7 2.6 197.4 94.0 81.771.9 59.1 47524
B 4.7 2.5

5.5 2.5 100 94-3 F1 7_ 9 .I.1 A .lr n A_ a 1- - I

2.8 2.5

2, 6.7 2.6 __o 94,3 83.6 6,Q. L5.L 27.4 1 .- 2. 2 ._11.3 .7 2.9 .7 nl_2

2.6C -io -0.9
!  19.3 2-.- A-1

- - .5f.j -3 - - - 9 A 17 2_32 1.n

L I 5.2 1 2.54 NP 
47 _q_ I I I_
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II FN.-T-20

D AfTA QSURC LOCATION UNIT MATERIAL DESCRIPTION

i ,a.I

LAN-i NVHD Reese River Valley Aal Sandy gravel 18.0 9.68 2.4,

LAN-21NVHD Reese River Valley Aal 5.16 2.6{

NV
LAN-31NVHD Smith Creek Valley Aaf Sandy gravel 25.2 1.2 2.41

NV
CIO INVHD Indian Spring Valley Au Sandy gravel 16.4 0.62 2.6

C 26.6 2.23 2.7
NV
Cl INVHD Virgin Mtns. Au Gravelly sand F 1.05 2.6

NV
C3 NVHD Indian Spring Valley Au Sandy gravel 16.1 0.6 2.61

NV
C7 NVHD Las Vegas Valley Au Sandy gravel 22.4 3.44 2.7

F 6.38 2.5
NV

LNI NVHD Paharanagat Valley Aal Gravelly sand C 22.0 6.42 2.4

I NVI
LNI NVHD Paharanagat Valley Aal Sandy gravel 23.0 2.97 2.8

C 34.8 33.7 2.2

LN42_ . NVHD Delaar Mtns Au Sandy gravel F .2.7 2.

LMj- NVND Shey go Au I Sandy gravel 21.2 1.11 2.8

NV1-W LE.wmnD Delainar Mtns Al. Sandy gravel 24.4,12.16 2.6

NVJ ua..... ,aumn T.kp Va11.y A an V oaavl 2i4.0Q 7.39

JLN7 NVHD Delamar Mtns. Au Sandy gravel 19.6 2.41 2.7

!1



LABORATORY TEST DATA

t SIEVE ANALYSIS

9 PASSING-

M - : . =a 2" I. cc -" " 54 #O #10 114 50 0 #200

9.68 2.44 100 82.4 71.5 58 46.8 36.1 25.9 ?

5.16 2.60 73.8 66. C1.3 56.3 25.9 19.C 3.9 2.1

1.2 2.42 100 89.7 89 73.0 66.6 55.7 48.6 35.8

0.62 2.66 100 93.7p1.2 68.7 53.5 45.1 30.5
2.23 2.73

1.05 2.6 - 96.4 9.7 83.4 74.3 67.5 51.7 41.539.0 30.8 16.1 11. 5.7 2.8

0.6 2.6" -80.5 76.7 54.7 55 43 36.2 25

3.44 2.70 98.2 91.277.4 66.2 52.1 44.3 26.8
6.38 2.53

6.42 2.43 99.2 96.9 3.9 91.2 85.5 80.2 62 45.42.1 30.4 12.4 9." 5.6 3.7

2.97 2.81 100 91.8 87.0[3.4 64.6 58 46.2 32

S3.7 2.25

2.7 2.40

1.11 2.8 NP 93.4 84.4p7.2 57.3 46.1 39.7 28.3

2.16 2.62 NP 94. 8 9.76.5 67.5 56.0 49.9 37.41

7.39 .5- 100 ?7.7 95.4 88.0 80.3 53. -

2.41 2.70 NP 100 99.106.5 89.2 74.0 63.1 45. 35.432.2 22.7 6.2 2.5 1.1 0.7

EXISTING TEST DATA
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FTN-TIl-,US

DATA SOURCE LOCATION UNIT MATERIAL DESCRIPTION t C
--- ,,,.-

C 23.9 2.0 2.54
V Bureau of

C26 Reclamation Las Vegas Valley Au Sand and gravel F 6.0 2.641
C 37.3 5.1 2.6

NV Bureau of I
C27 Reclamation Las Vegas Valley Au Sand and gravel F 2.5 2.6

c 27.5 1.9 2.74

wV Bureau of
C2 Reclamation Las Vegas Valley Au Sand and gravel F .4 2.5 2.7

C 25.2 15.4 2.6
VV Bureau of
C13 Reclamation Noapa Valley Au Sand and gravel F 8.4 2.5c 24.8 7.1

uV Bureau of
C14 Reclamation Moapa Valley Au Sand and gravel F5.5 2.5C

NV Bureau of

CIS Reclamation Moapa Valley Caw Limestone 28.3 15.8 2.61
C 26.4 16.1 2.5

NV Bureau of Hoover
CQ6 Reclamation Black Mtns. Au Sand and gravel: DaIm F 11.7 2.61

C 22.6 8.8 2.51NV Bureau of

C17 Reclamation Las Vegas Wash Aal Sand and gravel F 6.6 2.5]
C 27.1 7.7 2.41NV Bureau of

C1S Reclamation Las Veaas Valley Au Sand and gravel F 8.2 2.4
C 21.7 1.7

NV Bureau of
rig 1 ,.14,n, T%" 7n.VG Vallev Sand and gravel F 9.2 2.6. I

C 27.4 4.1 2.61NV Bureau of

.. D-lmation tLas Veaas Valley Au Sand and gravel F 4.2 2.5
C 24.7 5.8 2.5

NV Bureau of
1 123-tinn Tas Veoas Valley AU Sand and gravel . 7.4 2.61 1

C 25.0 5.7
NV Bureau of
C2_ 1k1D-a~tmi,.n Tas Vegas Valley A u and and aravel F 2.6a

MW Bureau of 
C

C23 Reclamtion Las Vegas Valley Au Sand and gravel F 4.7 2.61



LABORATORY TEST DATA

SIEVE ANALYSIS
f r S-PASSING

a 0. - 2 1 la I4 #6 #10 #16 #40 050 o100 #200
uj* G* c - - -t -- - - - -- - - - -

2.0 2.54

o6.0 2. 0.127 2.4

5.1 2.6

*2.5 2.64
1.9 2.74

2.5 2.71
15.4 2.60 0.016

|I8.4 2.53: 1O.006 90.8 171.' S. 83 49.&!46. 7 11.11 33. 0 2 5 L9.4L

7.1 0.292

5.5 2.50 0.254 92.( 80.6 14., - 1.2 41.1134.4 27.8 13..18.5 6.1

1. 2.6-
16.1 2.56

11 .7 2.61 9 -63.E 61.3 9 .
8.8 2.57 0.287

-6. 2.5 - 0.159 88.9 84. 60.61 10.0 2.2
7.7 2.49

8.2 1 2.4E

1.7
_9.2 2.6.

4.1 2.6
4.2 2.54 90.5 66 49- 6 7.7 31€ R. 21A( 15, 49-%

7 5.8 2.5 0.25

7.4 2.6 0.284 54 -5 q4 - -. 0
o 5.7 0.023

r1 2.68 0. 025
3. 0 -. -

4.7 2.62 0.422
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PAGE 3 OF 4

NEVADA-CALIFORNIA STUDY AREA
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DATA SOURCE LOCATION UNIT MATERIAL IESCUIPIIU

I= =W ccc' _ _ _ _ I=
'n &-J .o

NV Bureau of 
C1126

C2 Reclamation Las Veaas Valley Au Sand and gramel F 26.6 . 2.68.

N v B u re a u o f A uSa n d _an d _ _ _ _ _ _ _ _C_ _5 .0_2 . 7 2

r-24 Rcamton L~ ea Valley u Sn adqae F 39.61j 2.61 2.70
C 3.8 2.71

NV Bureau of
C24. mtinn -Las- Vea Valley Au Sand and qpravel F 40.51 3.2 2.69

C 5.7 2.56
NV Buxi au of

pelaLton ta veAasValley Au Sand and gravel F, 25.4 8.3 2.61.

NV Bureau of
c25 Reclamation Las Vegas Valley Au Sand and gravel F 35.4 6.2 2.58



LABORATORY TEST DATA
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SIEVE ANALYSIS

z "" . - PASSING

, _3" 2" I" 1" " " 4 #8 #10 #16 #40 #50 #100 #200

1.1 2.68

6 3.1 2.68
6.0 2.72

.6 2 ..62..2.7
3.8 2.71

.S 3.2 2.69

5.7 2.56

.4 8.3 2.61
2.91 2.54

.41 6.2 2.58
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NEVADA-CALIFORNIA STUDY AREA
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DIAGNOSTIC CARBONATE MORPHOLOGY

STAGE GRAVELLY SOILS NONGRAVELLY SOILS

Thin, discontinuous pebble coatings Few filaments or faint coatings

Continuous pebble coatings, some Few to abundant nodules, flakes,

1 interpebble fillings filaments

Many interpebble fillings Many nodules and internodular

fillings

Laminar horizon overlying plugged Laminar horizon overlying plugged

horizon horizon

STAGE M I- rr[ I

Weak Ca Strong Ca K Indurated K

IZ~
K2 K_22m

I GRAVELLY SOILS 
K3 K3

K3K3

.' ~ ~ ~ N ":tv -a. ,;.,P

Stages of development of a caliche profile with time. Stage I represents incipient carbonate
accumulation, followed by continuous build-up of carbonate until, in Stag. IV, the soil is
completely plugged.

SUMMARY OF CALICHE DEVELOPMENT

M ITIING INVESTIGATION i TABLE
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11--1105NO NATIONAL, INC.
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